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THE CLASSIFICATION OF FOREST INSECT INJURY 
By A R. GOBEIL 


Entomological Service, Dept. Lands and Forests, Quebec 


The increasing distribution of the European Spruce Sawfly and dam- 
age caused by it during recent years has lead the Quebec Entomological 
Service to develop a permanent Survey Service for this and other injurious 
forest insect pests in the province. Such surveys are carried out by two 
different organizations: 1.—By the forest engineers in the course of forest 
inventory work. 2.—By fire-rangérs of the Quebec Protection Service as 
well as Forest Protective Associations. 


After two years of preliminary work we have adopted standard meth- 
ods which are herewith presented for the benefit of forest industries op- 
erating in Quebec. 


METHODS USED IN FOREST SURVEY 


Entomological information is collected in connection with other act- 
ivities such as general line surveys of the forests in a district or the whole 
province. Naturally they can occupy only a minor place among the various 
forest statistics collected. In most cases there is no trained entomologist 
on the survey party and therefore entomological observations should not 
require much knowledge of insects. With this in mind we have devised 
an entomological form now used in forest linear survey by the Quebec 
Forest Service. This requires only the minimum information which, we 
believe, should be recorded in the course of forest survey work. 


The front of the form, contains general details regarding the 
location and size of the sample plot. It also includes such information as 
the age, type, density, volume, and composition of the stand. All informa- 
tion, except the volume figures, is recorded on the form while in the field 
but is later calculated at the office from the tally sheet. ; 


The notes entered on the back of the form (fig. 2.) are included un- 
der three headings: living trees, dead trees and population study. 


Living Trees.—The living trees, according to the percentage of defolia- 
tion or the percentage of the trunk infested by bark-beetles are grouped 
into five classes, corresponding quite closely to those adopted by Tragardh 
(39), for bark-beetle studies. These are probably the most satisfactory 
used. The first and fifth classes, which represent the none and total in- 
festation, being readily separated from the others, we have only three 
classes left: the less than half; half; and more than half of the trunk in- 
fested or crown defoliated. 


The defoliation is estimated ocularly in percentage of the whole stand. 
Thus, considering the spruce only, we may have 25% of the stand in the 


Tragardh I. and Butovitsch C., 1939. Some forest Entomological Methods and Concep- 
tion. Bull. Ent. Res. 29: 191-210. 
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"0-10 % class, while 60% will fall in the 10-40% class, and the balance i.e. 


` 15%, will come in the 40-60% class. 


Living trees infested by bark-beetles are tallied individually in the 
square to which they belong but without taking into account the diameter. 
It is assumed that these trees will have the average stand diameter. By so 
doing we are on the conservative side because the bark-beetle species with 
which we are mainly concerned in the province is Dendroctonus piceaperda. 
Hopk., which favours trees of 7 inches in diameter and up. Moreover a 
Dendroctonus infested tree will remain living for a relatively short period 
of time and the number of living trees infested by these species will be 
much lower than by defoliators. In fact, a tree, even lightly attacked in 
June by Dendroctonus may, for practical purposes, be classified as dead 
in August. The observer, then, will only have to mention in the space re- 
served for remarks the year of attack or death. That is why the same square 
is used for defoliators or bark-beetles, and, if both cases happen in the 
same plot, the perecentage of defoliation is inserted in the upperpart of 
the square while the number of living trees attacked by bark-beetles are 
noted underneath. 


Dead trees.—The diameter of every dead tree is calipered and 
noted (right side of the back page). Whether the tree is killed by a bark- 
beetle or a defoliator is indicated by the sign plus (7) or minus (-), placed 
next to the dot in the proper diameter square. When known, the name of the 
insect responsible for the death of the tree is entered in the remarks reserv- 


- ed to dead trees. The total number of dead trees and their cubic contents 


. will be caleulated and noted at the officce. 


Population Studies.—The headings under studies of population are 


- very general so as to apply to various injurious insects and give more 
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latitude to the observer depending on his competency and the time at his 


disposal. Population studies are very important and if the observer has 
"only a rudimentary knowledge of entomology, the sample, if preserved in 
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alcohol or sent living to the entomological laboratory, will prove the iden- 
tity of the injurious species present in the district. 


According to the period of the year and the insect concerned, the 


^ population study will consist of: an egg sample as for the forest tent cat- 


erpillar, the area examined being 5 or 6 branches; a larval or adult sample 
with a 4 inch tree as area examined for the spruce sawfly, and 10 x 18 
inches of bark for Dendroctonus; a cocoon sample where one square foot 
or more of moss and litter are looked over. 


Front of the form in use for entomological observations in Forest 
Survey. | 
FOREST ENTOMOLOGY 
Sample Plot 
Regional Inventory 


Line No. 4 D. West Place Nor. ee 8 
Direction of Line 273 deg. Chain 320 Locality Canton Jette 
County Matapedia Basin Metis River Humgui Range 59 feet 
Acre 0.25 Situation 5 deg. N.E. Altitude 
Type and age Coniferous 90 years | 
| | Vol. P.C. % 
Proportion of species - - = Spruce ° 591.6 19 
j Balsam 2310.4 74 
Others 205.2 7 
Cubic feet per acre 3107.2 s 
Density 0.7 
Observer Rolland Cusson .. .. .. .......... Date ۰16 July, 1938 
Verified T. Landry Date 17 July, 1938 


Back of the form in use for Entomological Observation in Forest Sur- 
vey. 


EE ل‎ ne ٩٩۰ 


LIVE TREES DEAD TREES* 
% Defoliation ay 3 E E 
or % of trunk infested راخ بت‎ TES E 
۱ DL o m 0 
SPECIES 0-10 10-40 40-60 60-90 90-x n | | | 
۱ 25 60 15 | | | 
SPRUCE : 5 | Bee 
BALSAM 100 6 Es 2 
OTHERS 100 7 i 7 = 
Remarks—Trunk infested by Dendroctonus. ا‎ 
Defoliation by D. Polytomum A | | | 
10 | 5 d | | | 
DEAD TREES 1 - | 
Amount Spruce ie | | 
per acre Borers Defoliators Balsam Other Species Bm | | 
i. Number 2T 
of trees 6 = = | | | 
2. Cubic B E 
feet 110 14 | | | 
Remarks—Spruce killed by Dendroctonus 15 1 | 
16] ASES 
STUDY OF POPULATION | | 
area 1735 | 
Stage Species examined Number al | | 
Eggs 18 | Lane 
Larva White spruce tree 4" diam. woe = | | | 
Cocoon White spruce TESSA 47 1 | | 
Remarks—Larvae of D. polytomum and 5 others placed in = | | 
alcohol 21 | | | 


| 
= | 
+ — Trees killed by borers | | | 
- — Trees killed by defoliation. l | 


ANALYSIS OF INSECT SAMPLE 


It has already been mentioned that information concerned with forest 
insects activity is not only obtained by survey parties but also samples 
sent in by the fire-rangers. Details of this project have already been pub- 
lished by the writer (Gobeil '39). It is only nécessary to mention here that 
twice a month some 500 fire-rangers stationed all over the province collect 
larval samples which are shipped alive to our laboratory at Duchesnay, 
Portneuf County. 


Larval samples are assuredly the most reliable source of data to be 
obtained from fire-rangers. Cocoon samples may sometimes prove valu- 
able but they require much more attention and time on the part of the 
ranger. Examination of a 2 ft. x 2 ft. sample takes from one to two 
hours. Besides. even if the work is done by an entomologist ,there will be 
a certain percentage overlooked. This percentage will tend to increase 
should the examination be made rapidly or by an untrained man. Our ex- 
perience in 1938 has indeed shown that, although the work is carried on 
under the supervision of an inspector over 50% of the cocoons may some- 
times remain unnoticed. On the other hand, larval samples collected at 
regular intervals, with sheets of standard size, on trees of uniform diamet- 
er, will give quite accurate population records at least for certain insects 
such as the sawflies. The task is more or less mechanical, a tree of 4 inches 
diameter being jarred with an axe and all the population collected and plac- 
ed in the shipping box. It is true that even with a collecting sheet of 10 
square feet, such as the one devised by the Quebec Entomological Service, 
some of the larvae will fall outside of it, but here the error is uniform 
and the proper correction can be applied. This is not the case with cocoon 
samples because of the great variation in the accuracy and uniformity of 
such records. 


Through regular larval collections made during the same season, an 
entomologist can determine for a certain species the number of larvae 
that can be expected for each of the five defoliation classes, mentioned in 
Table 1. From the data thus obtained, the number of larvae collected by 
the fire-rangers in any location may be expressed in terms of defoliation. 
This year we have tentatively adopted for the European Spruce Sawfly, 
Diprion polytomum Hartig, the standard given in Table 1. column 4. 


TABLE 1 
Classes of Infestation for Defoliators N 

DEFOLIATION Denomina. No. e Ben 

Kë? % Class tion D. polytomum _ Mapping 
0-10 0% None 1-50 B 
10-40 -50% Light 50-200 Q 
40-60 50% Medium 200-500 D 
60-90 +50% Heavy 500 and + e 
90-100 Total Complete - than 200 e 


*Intended for Diprion polytomum only. 


Gobeil, A. R. (1939) —Les Ade forestiers du Quebec en 1938. Dept. Lands and 
Forests, Ent. Serv. Bull., 1-48. 


Corresponding to the second, third and fourth classes of defoliation 
we have used in Table 1, column 8, the denominations light, medium and 
heavy which are commonly employed. Thus expressed, the denominations 
are expected to hold true with the corresponding classes for the European 
Spruce Sawfly only, and the fire-rangers are instructed not to designate 
the degree of infestation by these terms which may lead to confusion due 
to the fact they need a definition for almost every different species con- 
cerned. For instance, in a Forest Tent caterpillar outbreak, one could hard- 
ly call an infestation heavy when the trees have only 60-90% of the. 
leaves stripped, while such a percentage of defoliation for the European 
Spruce sawfly would indicate a severe or heavy infestation. But, if the de- 
foliation is expressed in percentage such as in column 2, table 1, there 
is less room for individual variation and error because we are dealing 
with definite figures instead of terms which might be interpreted differ- 
ently. The entomologist on reception of the report may, if advisable, make 
the proper adjustments and designate the infestation by the terms, light, 
medium and heavy. 


PERMANENT SAMPLE PLOTS 


The equipment supplied to each of the fire-rangers engaged in our 
Forest insect survey, as well as the written and verbal instructions given 
by our field instructors enable the collector to take very reliable insect 
samples. Occasionally some of them will even record valuable data on the 
composition and age of the stand, nature of the damage and intensity of 
the infestation. This, however is not compulsory. At least for the present 
we believe that it is preferable to leave it optional so that the maximum 
quantity of standardized information may be obtained. 


In order to get the greatest benefit possible from the observations 
made by the rangers it has been decided to supplement these next summer 
with more detailed and technical data collected by trained forest entomol- 
ogists. For this purpose about one third of the three hundred or more re- 
presentative permanent sample plots already established in the.province 
either by the Quebec Forest Service or forest companies, will be used for 
entomological observations.. 


Besides the information usually taken on sample plots, each tree will 
be carefully examined from the entomological angle. Larval as well as 
cocoon samples will be taken and the entomologist will correlate the degree 
of defoliation with the population on the tree. Later on, the conversion 
factor thus obtained for different species on trees of different sizes in dif- 
ferent regions, could be applied to all the samples sent in by the rangers 
of those different regions. 


We hope to make of those permanent sample plots basal stations with 
which will be tied up all the observations made by the rangers in connection 
with the forest insect survey. 


CONCLUSION 


This paper gives a very brief description of the methods actually em- 
ployed by the Quebec Entomological Service of the Department of Lands 
and Forests to estimate forest insect damage, and get continuous informa- 
tion on forest activities. We are sure that the methods can be greatly im- 
proved and we would be grateful to have advice and comments from those 
who have had experience in this field. As it.is, however, we feel we have 
made great progress towards a better knowledge of the forest insects of 
Quebec and consequently towards means of control. 
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Dendroctonus Piceaperda Hopk: A Detrimental or 
Beneficial Insect?! 


A. R. Gobeil? 


Figures obtained in connection with an outbreak of the spruce bark-beetle which occurred be- 
tween 1931 and 1934 in Gaspé Peninsula, Québec, are used to illustrate how, from one viewpoint, 
Dendroctonus piceaperda appears to be a forest calamity of major proportions, whereas from an- 


other viewpoint the beetle may almost appear to be beneficial. 


Viewed from one angle, the 


losses caused by forest insects in a 3-year period, in the Gaspé Peninsula, are estimated as follows: 
stumpage, $17,259,000; local employment, $49,231,000; industry, $32,894,000; and fire prevention 
control, $2,180,000. However, this way of estimating damages is not recommended because while 
the author recognizes that D. piceaperda has been responsible for the death of a tremendous amount 


of timber, he believes that very little monetary value can be placed on that dead material. 


More- 


over, the author believes that it is hardly justifiable to classify this insect as economically injurious. 
In general, the role of the spruce bark-beetle can be compared to that of predatory mammals and 
birds, feeding mostly on surplus populations, thus preventing diseases and competition. 


spoken of as one of the most destructive 

pests of our spruce forests. As a proof 

of this, various statistics have been presented, 
very often in a time-honored fashion as follows: 
“A general survey made recently indicates that 
some 2 billion board feet of virgin merchantable 
timber which under normal conditions, would be 
worth $5,000,000, has been killed during the 
past two seasons, by this bark beetle." Or again, 
“Tf all the timber destroyed by this insect during 
the past fifty years were living today, its stump- 
age value would be more than $1,000,000,000." 
Such figures are probably correct but they 
may present a false picture of the effects of Den- 
droctonus activities. It should be remembered 
that the destructive spruce bark beetle is gen- 
erally found under epidemic condition in over- 
mature stands only, and also that market prices 
paid for spruce during the past 50 years do not 
indicate that there has been any great shortage 
in the supply of this species. Accordingly, it 
would appear that much of the timber destroyed 
to a considerable degree represents a surplus de- 
mand over the market. Otherwise, the trees 
either would have been taken out of the forest 
before the beetle got the best of them, or the 
damage would have been reflected in a market 
increase in stumpage price. It might be ques- 


[mtm PICEAPERDA is often 


'Contribution No. 9. Entomological Service Dept. 
Lands and Forests, Québec, Canada. 

“For the preparation of this article, the writer is 
greatly indebted to Prof. S. Graham and Prof. D. M. 
Matthews, of the University of Michigan, who have 
read the manuscript and have made many valuable 
suggestions and corrections. I also wish to thank Messrs. 
J. E. Guay and L. Garneau, of the Quebec Forest 
Service, Department of Lands and Forests, for data 
dealing with forest resources and utilization in the 
Province of Quebec. 
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tioned, then, if the imposing losses in raw mate- 
rial, so often recorded, actually represent any 
important economic loss. 

Figures obtained in connection with an out- 
break, which occurred between 1931 and 1934 in 
Gaspé Peninsula, will be used here to illustrate 
how from one viewpoint Dendroctonus picea- 
perda appears to be a forest calamity of major 
proportions, whereas on the other hand, the 
beetle may almost appear to be a beneficial in- 
sect. 


THE LAST OUTBREAK IN GASPÉ 


When the ravages of Dendroctonus piceaperda 
were first noticed in November 1930, some 6 
percent of the spruce had already been killed (3). 
The outbreak reached its peak in 1932 and sub- 
sided in 1934. The infested forest was over- 
mature, i.e., with a large percentage of spruce 
trees presenting very little resistance, a condition 
which admittedly favors outbreaks of Dendroc- 
tonus. In such stands, any slight disturbance, 
brought about by one or more climatic or other 
factors, might be sufficient to break the equi- 
librium that normally exists between the beetle 
population and the forest. 

One of the most important of those secondary 
factors in the Gaspé outbreak probably was wind 
storms, which are common in that mountainous 
section of the province, and, sometimes, cause 
serious blowdowns. Logging operations had also 
been carried on in the Ste-Anne watershed 2 
years before the infestation originated. Yet the 
studies of Graham (7) and others (1) have 
shown that very few primary insects breed in 
logging slash, and only fresh stumps would be 
well adapted as breeding places for the most in- 
jurious species. As far as Dendroctonus picea- 
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perda is concerned, however, Watson's investi- 
gations (13) indicate that the stumps of freshly 


cut spruce were not very productive of beetles. 


It is also very likely that the weakened condi- 
tion of the trees caused by European spruce saw- 
fly defoliation, had much to do with the origin 
of the outbreak. The sawfly, like the wind- 
storms however, was probably only a secondary 
agent. Indeed, I have inspected younger stands 
in the peninsula, on the Assemetquagan water- 
shed for instance, which were much more badly 
defoliated by the spruce sawfly, and yet the Den- 
droctonus was absent. There is no doubt that 
the main cause of this bark beetle outbreak was 
the senility of the spruce. 

The scarcity of the beetle in 1934, was, appar- 
ently, a result of intraspecific competition and 
woodpecker activities. In many sections, the 
beetle population had increased in 1933 to a 
point that completely exhausted suitable food. 
In the course of our survey in 1937, it was not 


unusual on a whole line to register as old dead- 


beetle trees, 90 to 100 percent of the trees of 12 
inches d.b.h., and over. Evidence that wood- 
peckers were also important agents of control 
was observed in 1933 when, on many of the trees 
infested the previous year, nearly all the bark oc- 
cupied by Dendroctonus had been removed bv 
the woodpeckers. 


EsTIMATES OF THE LossES 


The results of many local inspections or sur- 
veys suggested that the volume of timber killed 
by the spruce barkbeetle and the spruce sawfly 
in the Gaspé Peninsula was considerable. No 
general estimates, however, were available for 
the whole peninsula up to 1937 when the Quebec 
Government sent parties to cruise the main water- 
sheds. The area more intensively surveyed rep- 
resents some 3,500 square miles, where six par- 
ties of 3 to 4 men operated from the end of June 
to the middle of September. A total of 156 lines 
representing 200 miles in length were run, and 
800 rectangular sample plots of 14 of an acre 
were established. 

As a report of that survey has already been 
published (6), only the figures needed in the 
present discussion are presented in Tables 1 and 
2. 

The forest of Gaspe Peninsula is essentially 
coniferous with balsam fir as dominant species, 
which, of course, is free from Dendroctonus 
piceaperda and Diprion polytomum attacks. Yet, 


the fact remains that the dead timber represented 
in 1937 an average of about 130 cubic feet per 
acre and totalized 711,801,000 cubic feet. If we 
add to this, the trees for which the survival was 
improbable in 1937, we arrive at a grand total 
of over one billion cubic feet of timber which is 
now probably dead in the Gaspé Peninsula as 
a result of insect attacks. 


STUMPAGE VALUE OF THE DEAD TIMBER 


As this paper deals primarily with Dendroc- 
tonus, it might seem preferable to analyze the 
losses due to this beetle only. Because we are 
also greatly interested in the total insect damage 
for the whole Peninsula, all the dead and dying 
timber (46 + 21 percent) will be considered in- 
stead of limiting consideration to the primary 
subject of this paper, Dendroctonus. Wherever 
we need to reduce the figures to a Dendroctonus 
basis, it can always be easily done by taking 
39/67 or 52.2 percent of the total figures. 

The volume of dead and dying trees totals of 
1,046,161,000 cubic feet. If it is assumed that 
this timber would have been used in the pulp- 
wood industry, had it not been for the spruce 
barkbeetle and sawfly, then the Quebec Govern- 
ment would have received in stumpage dues 
$1.40 per cord of peeled wood, or approximately 
$16.50 per thousand cubic feet (1 peeled cord — 
95 cu. ft.). The total value of the spruce killed 
by insects: would then be: 


1,046,000 $16.50 or $17,259,000 


Seventeen million dollars would be a correct 
estimate of the loss if all the pulp timber could 
have been cut in one year. Normally, however, 
the cutting would have been spread over a much 
longer period. Indeed, the annual spruce and 
balsam consumption for the Gaspé Peninsula 
during the last decade averaged 18 million cu. ft. 
(see Table 3). Even, if we raise the annual cut 
to 25 million cu. ft. and assume that spruce is 
used exclusively, it would take about 40 years to 


TABLE 1.—VOLUME OF TIMBER IN THE FORESTS OF THE 
GASPÉ PENINSULA (ToTAL AREA 8,514 SQUARE MILES) 


Volume in Percentage of 

Species 1,000 cu. ft. _ total volume ` 
Balsam Nir و‎ 2,051,986 46 
Spruce ALE 1,544,286 34 
Gulab? iod. Ass 99,736 2 
Pies ی‎ ADE 34,553 1 
Hardwood — — 753,186 17 
Total __.. 4,493,747 TRA 100 
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TABLE 2.--CONDITION OF SPRUCE ON GASPE PENINSULA 


634 
Ls Volume in Percentage of 
Living 1000 60 ft^ RE total volume 
Survival possible — 508,125 33 
Survival improbable. 334,360 21 
Totale 53e ur 842,485 54 


utilize the one billion cu. ft. of dead timber. This 
means that under normal circumstances the gov- 
ernment would have not received the total stump- 
age dues on the insect-killed timber at least be- 
fore 40 years, and its present value is not 17 
million dollars as estimated before but: 


(16.50 x 25,000) (1.0440 — 1) 


= $8,250,000 
0.04 x 1.0440 
All the formulae dealing with compound inter- 
est are after Matthews (11). 


EMPLOYMENT AND INDUSTRIAL LOSSES 


According to the Statistical Year Book (2), 
the average value of the products of timber cut 
on private lots and Crown Lands in 1938 can be 
placed at $95.00 per thousand cubic feet. Using 
this figure, the value of the products that could 
have been manufactured from the dead and dying 
timber could be estimated to be: 


1,046,161,000 x 95 
— - or $99,385,000 


1.000 


The difference between this 99 million dollars 
and the 17 million dollars of stumpage equals 
some 82 million dollars and represents the pro- 
ductive employment loss. In this is included the 
logging and driving cost which, for the commu- 
nities of the Gaspé Coast, is a very important 
item because a large part of their income comes 
from the forest operations. Placing the logging 
cost at $3.00 a cord and the driving cost at $1.00 
a cord, both very conservative figures for that 
country, the local loss would be: 


1,046,161,000 


X $4.00 or $49,231,000 
89 


These estimates like those for the stumpage ap- 
praisal, are true only on a one year basis. If we 
spread the losses over a 40 years period as we 
did for stumpage the present value would be re- 
duced by more than half. 


Volume in — Percentage of 
Killed by 1,000 cu. ft total volume 
Dendroctonus piceaperda 346,047 35 
Diprion polytomum ........ 165,754 11 
Total buo we 711,801 46 


OTHER INDIRECT LOSSES 


As a result of insect killings it can be assumed 
that the accumulation of dead material will in- 
crease the fire-hazard and consequently the cost 
of fire prevention and control for at least a peri- 
od of 20 years. At present, three large organiza- 
tions, the Quebec Protection Service, the South- 
ern St. Lawrence Forest Protective Association 
and the Price Brothers Forest Protective Associa- 
tion, take care of this work in the Gaspé Penin- 
sula and, during the last 10 years, they have 
spent an annual average of 2 cents per acre for 
this work. With over 50 percent of the spruce 
now dead, it seems reasonable to assume that the 
higher fire-hazard will necessitate, for a period 
of 20 years, an increase of 10 percent in the cost 
of fire-protection. On this assumption, this in- 
direct loss would amount to: 

8,514 sq. mi. X 640 acres X 2 cents X 20 years — 

$2,179,584 

Here again, however, we should discount this 
figure to its present value which, at 4 percent in- 
terest, would be: 


108,979.20 (1.0420 — 1) 
or $1,621,610.50 


0.04 x 1.0420 


Other indirect detrimental effects of the out- 
breaks, which might be listed as serious, although 
impossible to represent by actual figures are: 
more favorable conditions for the development 
of other insect or fungous epidemics, and the 
possible replacement of our valuable spruce by 
the less valuable balsam. The appraisal of es- 
thetic and recreational damage is also rather 
difficult to evaluate, but is especially important 
in a certain badly infested section of the penin- 
sula where there is a national park of some 350 
square miles. The tall dead spruces in the park 
certainly do not make a very pleasing picture and 
the Park Service will probably have to expend 
considerable sums of money to remedy this con- 
dition. 


ONE CONCLUSION 


Leaving aside most of the indirect damages 
which can not be evaluated in dollars and cents 
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we arrive at a total loss of over 101 millions, on 
the basis of utilization in a single year, distrib- 
uted approximately as follows: 


Zënse $ 17,259,000 
Doenlmemployitent e E 49,231,000 
Industry eere اک‎ ob ii 32,894,000 
Fire prevention control |... 2,180,000 

ipe t eee AA PU Lu qi $101,564,000 


This is the loss caused by forest insects on 
8,514 sq. miles of forest land. About $53,000,- 
000 of the total can be attributed directly to Den- 
droctonus piceaperda and this damage has been 
done in the brief period of 3 or 4 years. 

With these imposing figures, I could very well 
end this article by concluding that Dendroctonus 
piceaperda is the most injurious insect of spruce 
in Quebec, and that the last bark-beetle out- 
break of Gaspé Peninsula was one of the worst 
forest calamities Quebec has ever experienced. It 
is probable ‚that this loss of 53 million dollars 
may be used by some entomologists to illustrate 
how injurious insects, especially the spruce bark- 
beetle, can be. The general reader may take 
these statistics for granted and marvel at the 
wealth of the natural resources of Quebec Prov- 
ince, where damages of many millions of dollars 
can be suffered without any surtax imposition, 
and almost unnoticed except by a few foresters 
and entomologists who are paid to make such 
observations. 


SHOULD WE REGISTER A Loss or 100 MILLION 
DOLLARS? 


The answer to this question is decidedly no. 
Indeed it is easy to prove that the damage is not 
as great as this estimate. These high losses have 
been determined without taking into account the 
fact that all the timber killed would have not been 
cut in one season even though it had remained 
alive. We have seen that distributing the cut- 
ting operations over a certain number of years 
and discounting the capital involved to its pres- 
ent value makes a big difference in our estimate 
of the damage. Moreover there can be no eco- 
nomic loss, unless the killing of the trees has 
brought about a shortage of spruce on the mar- 
ket. But, if the mills are operating as usual, and 
if the government received the stumpage dues 
that it would have obtained otherwise, and yet, 
operates on a sustained yield basis, how can we 
justify the claim that the barkbeetle destroyed 
timber valued at 100 million dollars? 
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THE SPRUCE RESERVE AND SPRUCE UTILIZATION IN 
QUEBEC PROVINCE AND GASPE PENINSULA 


According to the most recent estimates, the to- 
tal spruce volume for the province of Quebec, 
south of the 52° latitude is 45,340 million cubic 
feet, of which 42,705 millions are on Crown lands 
and 2,635 millions on private lands. Since ap- 
proximately 1/3 of the forests on Crown lands 
are not economically accessible, the total spruce 
volume in this discussion could be placed at 
42,705 X 2 — 3 or 28,470 million cu. ft. The 
sustained annual cut for such a large area, 
stocked in large part with mature timber, is 
rather difficult to establish. It is obvious that in 
practice we should not base our yield on a uni- 
form rotation for the whole province; there are 
too many variations due to site, to market, and to 
other factors. For the sake of a simple presenta- 
tion, however, let us take a uniform, but for pulp- 
wood a rather long rotation of 100 years so that 
we shall be on the conservative side. The pos- 
sible annual cut, then, could be roughly placed 
at: 


28,470 million x 2 
— 569,400,000 cu. ft. 


100 


During the last 10 years, an annual average of 
276,403,000 cu. ft. has been cut in the province, 
thus leaving a yearly surplus of some 293 million 
cu. ft. Accordingly the volume (546,047,000 cu. 
ft.) of spruce killed by Dendroctonus in the 
Gaspé Peninsula would represent the possible an- 
nual cutting of only 1 year for Quebec as a 
whole, or the surplus of less than 2 years. If we 
compare this dead timber with the total mer- 
chantable volume accessible, we see that it repre- 
sents about 2 percent of the total, and still leaves 
an annual surplus of: 

(28,470 — 546) 2 


Ld ul 9767-982. million cu? ft: 
100 


It seems evident, then, that the barkbeetle out- 


break affected neither employment nor the wood 


using industry of the province, therefore there is 
no justification for claiming an industrial loss of 
32 million dollars. As a matter of fact, even if 
some of the paper mills or spruce using indus- 
tries have recently reduced their operations, 
Dendroctonus can not, reasonably, be held re- 
sponsible because there is still much more mer- 
chantable spruce available than is normally con- 
sumed. 

It might be suggested however, that a great 
deal of the remaining timber is not so readily 
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accessible as that destroyed. But, such was not 
the case in the present instance. The insect gen- 
erally reaches epidemic proportions in over- 
mature stands only. As a rule, those stands have 
passed maturity because they can not be very 
easily operated; otherwise some concern would 
have soon harvested them. 

It might also be argued that the distribution 
of the dead timber is limited to a part of the 
province only and a concentration of damage 
might affect the local industry, although the loss 
might be insignificant in terms of the entire 
province. For instance, a mill located in Gaspé 
can not easily obtain its spruce pulpwood from 
Abitibi, a thousand miles away. From the forest 
point of view, we should consider Quebec Prov- 
ince as formed of separate units of which Gaspé 
Peninsula and the Lower St. Lawrence would be 
one. Accordingly, to determine whether or not 
the bark-beetle outbreak has resulted in an eco- 
nomic loss, it might be preferable to consider this 
section of the province alone. This has been done 
in Table 3. 

It is not an easy matter to estimate the annual 
increment of the spruce for the peninsula, but it 
is still more difficult to forecast how extensive the 
lumber operations in this section of Quebec, will 
be even in the near future. Basing our estimate 
on the average annual cut for the last 20 years, 
thus including that period of febrile activity 
from 1925-1930, and distributing the dead tim- 
ber over the Gaspé section only, there would be 
still a spruce surplus of some 1,500,000 cu. ft. 
On the other hand, if we base our future opera- 
tions on the last 10 years average, which is more 
representative of the normal, then, we would have 
a spruce surplus of over 8,759,000 cu. ft. More- 
over, we should keep in mind that the pulpwood 
industry is now using balsam freely with spruce. 
Thus, even with the great loss of spruce, there 
would still be a total annual pulpwood surplus of 
33,907,000 cu. ft. However, it must not be for- 
gotten that 42 percent of the timber cut in Gaspé 


JOURNAL OF FORESTRY 


is used by industries located outside the penin- 
sula. It is quite probable, that some of these 
mills, if necessity demands, can easily obtain 
their raw material from other sections of the 
Lower St. Lawrence, where the annual growth is 
much greater than the annual cut. 

For all these reasons, even if we consider the 
Gaspé Peninsula alone as a unit, we can not very 
well say that the Dendroctonus epidemic has 
brought about a shortage in the spruce supply. 


STUMPAGE LOSSES AND SALVAGE 


If there is no justification for assuming an in- 
dustrial loss because there has been no shortage 
in the spruce supply and no increase in the mar- i 
ket price of spruce due to barkbeetle damage, 
then the actual loss is represented only by the re- 
duction in dues which have been granted. An 
order-in-council, effective since May 1, 1938, en- 
titles the minister to reduce the stumpage dues up 
to 20 percent for timber damaged by insects. The 
reductions thus granted since 1931 in Gaspé, 
amount to $64,827.67. This is the only tangible 
loss for which Dendroctonus piceaperda can be 
charged. ۱ 

In connection with salvage, we have the same 
kind of problem that New England had to face 
as a result of the hurricane of Sept. 21st, 1938. 
As in New England, no firm can by itself salvage 
such a large quantity of wood; it is a govern- 
ment problem and only the government can solve 
it, either directly, or through the financing of 
some sort of cooperative system as described by 
Clapp (4). As the timber resources greatly ex- 
ceed the provincial demand, it would be difficult 
to dispose of that surplus on the local or even 
national market. On the other hand, the Quebec 
legislature, in order to conserve our forests and 
promote the Canadian industry, has passed an 
order-in-council in effect since May 1910, that 
all timber cut on Quebec Crown Lands must be 
manufactured in Canada. There is nothing, 
however, which prevents the government from 


TABLE 3.—FonEsT STATISTICS FOR THE GASPE PENINSULA (expressed in 1,000 cubic feet) 


Saad pie LR RE O eae Dawn E E EE 


Volume 


AHowable annual cuts ee ox A E Ma CN er OLOR 
Average cutting last 20 years — 0 CIA 


Average cutting: last TO years 2 22 2 2.2 nn 
Surplus based on last 20 years eut. سپس سس یی‎ 
Dead timber EE 
New allowable annual cut ct 22. ما‎ 
New surplus based on last 20 years cut 


Spruce Balsam Total 
1,544.286 2,051.986 3,596,672 
30,886 41,039 11,925 
9.150 14,632 23,182 
7,891 11,794 18,685 
21,736 26,407 48,143 
711,810 ee 711,810 
16,650 41,039 51,689 

7 500 26,407 33,907 


mee een 


¡Rotation for both, spruce and balsam, is fixed at 100 years. 
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authorizing the Governor-in-Council to suspend 
this regulation for such a period and in such a 
district as is judged desirable. Ontario, which 
has a regulation similar to ours, suspended it in 
1935 to ameliorate unemployment conditions. 
The situation brought about by the insects in 
the Gaspé forests, could, certainly, justify the sus- 
pension of this regulation for insect-killed timber 
in that section of the province. This would seem 
especially desirable when we consider that a large 
percentage of the Gaspé population is on relief. 
If such a step were taken, it would mean more 
stumpage dues for the government, which, other- 
wise, might not be obtained. It would also mean 
more local employment and more business for 
transportation firms and railroads. From this 
should we conclude, in the present instance, that 
Dendroctonus has played a useful rôle ? 


FIRE HAZARD 


Insects are sometimes associated with hurri- 
canes and cutting operations and thus cause a 
still further increase in the fire-hazard. 

Considering Dendroctonus piceaperda only, its 
influence on the fire-hazard is threefold: 

1. The standing beetle trees, often unbarked 
by woodpeckers, dry out very rapidly and thor- 
oughly; they constitute a potential menace for 
the quick propagation of fire. 

2. The openings made in the stand may per- 
mit a faster dessication of the ground cover and 
increase the rate of fire spread. Yet such open- 
ings will generally favor growth and regenera- 
tion. 

3. Later on, when the trees begin to break 
off, they constitute another type of fire-hazard 
which is probably the most serious. This new 
slash increase, however, is of short duration. The 
broken trees, being partly decayed, cause no in- 
creased danger after a relatively short period. 

In spite of all this, however, the action of Den- 
droctonus can not, by any means, be compared 
to that of windstorms or cutting operations. This 
is because insects do not affect all trees, but only 
those of one species; because in contrast with 
windfalls, the damaged trees remain standing for 
a longer or shorter period; because except in 
case of severe wind, the beetle killed trees are not 
broken down simultaneously, but gradually; and 
because the trees, when they fall, are partly de- 
cayed by fungi and insects, which accelerates 
the speed of their disintegration on the ground. 

In order to obtain first hand information on 
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the possible effect of Dendroctonus on fire pro- 
tection and control in Gaspé Peninsula, question- 
naires were sent to the following persons: Mr. 
H. Kieffer, Chief, Protection Service, Dept. Lands 
and Forests, Quebec; Mr. J. D. Brulé, Manager, 
Southern St. Lawrence Forest Protective Assoc., 
Ltd.; and to Mr. W. G. Wright, Manager, Price 
Bros. Forest Protective Assoc., Ltd. 

Although every one admits that dead standing 
trees and, to a greater extent, fallen increase fire- 
hazard and make fire-control more difficult, none 
of the organizations questioned had any fires 
caused directly or indirectly from attacks of 
Dendroctonus. The Southern St. Lawrence Pro- 
tective Association, however, has had, on the 
York River, a rather important fire caused by 
careless smokers, the rate of spread of which was 
greatly increased by insect killed trees. The fol. 
lowing is an extract of an inspector's report in 
connection with that fire: *As this fire is out of 
reach of gas-pumps in most sections and the for- 
est is very dry, and full of windfalls, and trees 
killed by insects, this causes the fire to spread 
much faster than in ordinary standing wood, and 
it is difficult to open a fire break." 

None of the organizations questioned had anv 
reason to increase their fire protection personnel 
on account of insect damage, or to increase in 
any way their cost of fire protection which aver- 
aged 2 cents per acre. 

The information received from these three 
sources makes it evident that our first estimate of 
2 million dollars for extra fire expenditures 
should be reduced to nothing. 


FUNGI HAZARD 


The action of fungi in a barkbeetle outbreak 
is a double sided one. By accelerating the de- 
composition of the dead material, especially 
when the trees are on the ground, it hastens the 
elimination of fire-hazard. On the other hand, if 
we plan to salvage the dead material, the fungi 
by speeding up the rate of decay will shorten the 
period of possible salvage. Although beetle 
killed trees rot rapidly when once on the ground, 
it would appear that the action of fungi on stand- 
ing barkbeetle trees is not as rapid as one might 
expect. Hopkins (9) recorded cases where tim- 
ber, which had been dead for 15 years or more, 
was still merchantable especially for pulpwood. 
In areas of West Virginia, some of the trees, 
from which considerable good material was se- 
cured, had been dead at least 25 years. 
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This, however, is not general and the speed of 
deterioration will vary with the locality. - Riley 
(12), who investigated the rate of decay of bark- 
beetle trees in Gaspé, reports that sapwood decay, 
seven years after death, constituted not quite 6 
percent of the total merchantable volume. More- 
over, 40 percent of that decay occurred between 
the stump and breast height, and many trees 
were practically sound at a height of 4 to 8 feet. 
Riley's conclusion is that wind breakage, rather 
than the amount of decay will ultimately termi- 
nate the period during which the trees will re- 
main fit for salvage. | 


SPRUCE VS. BALSAM FIR 


The eventual replacement of spruce by its com- 
mon associate balsam fir, has been represented 
as a serious consequence of the spruce barkbeetle 
outbreaks. This might be possible in certain 
cases, but how this would affect the future value 
of the forests thus affected is not entirely clear. 
If we consider only the pulp industry, which is 
the most important market for these conifers, it 
is true that some years ago spruce was much 
more valued than balsam fir. But now, both spe- 
cies are used almost indiscriminately and, when 
used for pulpwood, the same price is often paid 
for balsam fir as for spruce. 

According to Hale (8) the amount of dry pulp 
by weight obtainable from pulpwood would be, 
within narrow limits, a definite percentage of the 
dry weight of the wood from which it is manu- 
factured, and the wood density gives a direct 
indication of pulp yield. Hale obtained an aver- 
age density of .33 for balsam fir and .368 for 
spruce. According to the district and stand, how- 
ever, each species shows considerable variation 
in mean density, ranging from .31 to .36 for 
balsam fir and from .34 to an extreme case of .44 
for spruce. Thus, some balsam stands would give 
better yield of pulp than certain spruce stands. 
This is probably the case if we compare the bal- 
sam of Gaspé with the spruce of a more southern 
region, as Eastern Township for instance. The 
balsam of the former district has an average 
growing rate of 2.3 while the spruce of the latter 
has an average 2.5. Yet the fact remains that, as 
a rule, balsam has a lower density than spruce, 
and, normally, should give a smaller pulp yield. 
On the other hand, balsam being a faster grow- 
ing tree, its rotation can be shorter and the capi- 
tal investment smaller. This is worth considera- 
tion since there seems to be a tendency for the 
industry to follow and use the cheapest wood. 
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BENEFICIAL EFFECTS OF DENDROCTONUS 
ACTIVITIES | 


SILVICULTURAL EFFECTS 


The fact that Dendroctonus piceaperda attacks 
mostly trees which exceed a certain diameter is 
generally admitted by entomologists. Hopkins 
(10) who first studied the behavior of the beetle 
reported that *it is rarely found in trees under 
10 inches d.b.h. but prefers those of 18 inches or 
more in diameter." He further noted that “fa- 
vorable conditions for the multiplication of the 
insect are found in large areas of virgin forests, 
where there is a thick stand of old mature tim- 
ber." This is exactly the condition of the dam- 
aged area in the Gaspé Peninsula. 

Watson's observations (13) on the same in- 
sect, in the Algoma district, confirm Hopkins’ 
findings in spite of his statement that the beetle 
does not exhibit any particular preference for 
the larger, mature trees. Watson observed a con- 
siderable difference between the average radial 
growth of the healthy and beetle infested trees; 
9.515 mm. and 5.995 mm. respectively for the 
last ten years. This clearly shows that what 
may hold back the beetle is simply a question of 
tree resistance and even young trees, not smaller 
than 5 or 6 inches diameter however, if growing 
on poor sites, or under adverse conditions, will 
be readily fed upon. But, it would be wrong to 
conclude from this that young and mature trees 
are indiscriminately attacked. As a rule, mature 
slow growing trees present less resistance (resin 
flow) and accordingly are more apt to be killed 
by Dendroctonus. That is why Hopkins” state- 
ment regarding diameter limits generally holds 
good. 

In the light of the above information, it is per- 
missible to apply to D. piceaperda the remarks 
made by Craighead (5) on the western pine 
beetle: Once an area is under management, the 
adoption of a short rotation and cutting practice 
to encourage more rapid growth would largely 
prevent losses from D. piceaperda. In the mean 
time, the insect will apply a form of management 
which man had failed to do, cutting by a group 
system the excess timber. Thus, it makes the 
way for the coming young stand which, other- 
wise would have been delayed until fire or fungi 
had destroyed the old crop. The objection to 
this form of management is that the insect may 
sometimes go further than we would like him 
to go. Another objection is also the possible re- 
placement of the spruce by balsam fir, but this, 
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as already said, is a debatable question. 

In general, the róle of Dendroctonus can be 
compared to that of predatory mammals and 
birds. In most instances they take up only the 
surplus of the populations preyed upon, and thus 
prevent greater fluctuations brought about by dis- 
eases and competition. In other cases, predation 
will center upon animals that are weakened by 
hunger, wounds, or simply old age. For these 
reasons, many biologists believe that the so-called 
*vermin-control" is often useless or worse. What 
should be controlled are not the predators but 
the environment. The same thing applies to Den- 
droctonus. Let's remove from the forest our old 
age trees and the destructive spruce barkbeetle 
problem will be one of the past. 


PUBLIC EFFECTS 


The public and governments generally pay 
more attention to forest fire protection than they 
do to forest insects. There are many obvious 
reasons for this which need not be discussed here. 
The fact that fires are more spectacular and act 
much faster certainly favors their getting special 
consideration. What was yesterday, for instance, 
a nice coniferous, or hardwood stand, may be to- 
morrow a raging fire, the smoke of which will be 
seen miles away. Deaths may occur and the pa- 
pers will spread the news all over the country. 
As a result the public will ask for a stronger or- 
ganization and will favor more expenditures for 
fire protection. 

Such is not the case when we deal with forest 
insects where the damage is often confined to 
only one species. We may have outbreaks which 
are very serious, but the destructive process is so 
slow, that the foresters and public get used to it 
and sometimes become disinterested in the final 
outcome. 

Yet certain insects act relatively fast and 
among those, Dendroctonus piceaperda is one of 
the most outstanding. The main factors con- 
tributing to this are: 

l. In contrast with many defoliators, Den- 
droctonus will kill a tree in one season. 

2. Itis a gregarious species, attacking groups 
of trees, not isolated individuals. Thus the dam- 
age is much more noticeable. 

3. It feeds only on spruce and, as a rule, is 
found in virgin or mature stands where white 
spruce forms islands of pure stands in coniferous 
or mixed stands. 

4. It attacks only large trees which have a 
high potential value. 


639 


For all these reasons, the public reaction to 
Dendroctonus damage and fire is similar and, 
although the difficulties brought about by D. 
piceaperda are more in the forester's domain, it 
is the writer's opinion that many forest insect 
divisions or services have sprung up and devel- 
oped as a result of the pressure and complaints 
made by limits owners in connection with the 
spruce barkbeetle. 

To the forester, the study of an actual spruce 
barkbeetle outbreak, may prove to be much more 
valuable than the reading of many text books on 
silviculture and forest entomology. If he looks 
at the facts and analyses them, he will necessarily 
come to the conclusion that what we have here is 
more a question of forest management than of 
forest entomology. 

To summarize, this outbreak may have brought 
about in the Gaspé Peninsula an unfortunate 
situation, but in few years hence, this will have 
disappeared. On the other hand, that temporary 
evil may also have focussed thought and action 
towards better forest management. If so, it is 
worth all the trees it has killed in the Gaspé 
Peninsula. 


ANOTHER CONCLUSION 


While D. piceaperda has been responsible for 
the death of tremendous amount of timber in the 
past, very little monetary value can be placed on 
that dead material, and we are hardly justified 
in classifying this insect as economically injuri- 
ous. The reason for this is that the spruce bark- 
beetle generally limits its depredations to our 
spruce surplus and, as long as man will not make 
use of that surplus, the beetle might even be 
necessary and some phases of its activities may 
be called beneficial. Overmature stands must 
make way to the younger stands, and, if the old 
spruce stands are not killed by their usual enemy, 
the spruce barkbeetle, some others will kill them. 

In wildlife conservation it has often been sug- 
gested that the best way to keep an indefinite sup- 
ply of game is not by eliminating the predators, 
which prevent overpopulation and competition, 
but by intelligent handling of the food and cover 
requirements. In a similar manner, we will not 
get a maximum return from our spruce forests 
by attempting to control Dendroctonus or similar 
insects, feeding on weak and old trees. We will 
get a maximum return only through a form of 
management, which amongst other things, will 
harvest the crop when it is time to do so. Then, 
there will be no question of Dendroctonus out- 
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breaks, and we shall find the insect only in an 
endemic state on suppressed trees. 


. Anonymous. 


Qué. Dept. of Municipal Affairs, Trade and. 
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FOREST ENTOMOLOGY 


The control of the European Spruce Sawfly is yet the most important 
problem to-day. Its parthenogenetic reproduction, the almost total absence 
of males, its long periods in diapause sheltering it from insecticides and 
micro-organic diseases, and the absence of native parasites are factors which 
contribute to facilitate its propagation and render its control more difficult. 
The most appropriate and effective control measure at our disposal is still 
the use of parasites and our Service, collaborating actively with the Do- 
minion Laboratory of Belleville, Ont., collected 1,500,000 cocoons of the 
European Spruce Sawfly. These cocoons were collected during the months 
of July and August and used for the propagation of parasites. During the 
summer, the fire-rangers of the Protection Service and of the Forest Pro- 
tective Associations liberated 108 million parasites, and in the fall of 1939 
a total of 240 millions had been liberated in the Province since 1935. 

There is reason to believe that if during the next few years an increasing 
number of parasites of the species Microplectron fuscipennis and Exenterus 
abruptorius were liberated, the European Spruce Sawfly problem would be 
solved. 

The principal projects studied this year are the following: 


1. Forest Insect Survey (R. Lambert). 


2. European Spruce Sawfly. 
(a) Its distribution (M. E. Genest). 
(b) Population studies (R. Martineau). 
(c) Its development in relation to climate (G. Paquet). 


3- Parasites. 


Special investigations were made in different forest stands, nurseries 
and warehouses at the request of lumber companies or private individuals. 
As it would take too long to mention each of these investigations, we shall 
be satisfied with saying that we were able to supply the necessary advice 
and in certain cases to prevent substantial losses to the owners. 

The Entomological Service staff is now composed of 4 forest engineers 
and entomologists, 2 forest-rangers, 1 clerk and draughtsman and 2 steno- 
graphers. To this list can be added 2 forest engineers, temporarily employed, 
and for the summer months graduate forest-rangers and a few labor men. 


I. FOREST INSECT SURVEY(1) 


The Forest Insect Survey, begun in 1938, has since then been carried 
(1) By R. Lambert. 
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out on an increasing scale. During the summer, 640 collectors sent their  . 


samples of forest insects to the Duchesnay Laboratory. Of this number 
308 were forest-rangers stationed in the different districts of the Protection 


Service and 211 were men chosen from the following Forest Protective As- … ue : 


sociations: Laurentian, St. Maurice, Southern St. Lawrence and Price 


Brothers. As requested, these men collected their samples preferably from | 


spruce and larch trees with a few exceptions from the most common coni- 
ferous and deciduous trees. Six instructors travelling throughout the 
province are teaching the chosen collectors the manner in which they should 
proceed while doing their sampling work. Lectures were given in the cities 
and villages so that the public might learn of the damage caused by insects ` 
and be incited to help out in the fight to control these destructors of trees. 

Thanks to our field organization, 2,896 sample-boxes, together with 
details of the forest stands and defoliation of the visited areas, were regis- 
tered. From this number of samples we obtained during the season 120,513 


specimens of insects. In the laboratory, to identify and rear such a large PE 


number of specimens, a staff of 12 men was required. The numerous reports 
received have enabled us to determine the principal infestation points exist- 
ing in the province and to make a comparison of the abundance of the most 
representative species in the different regions. The rearing of the larvae . 
permitted to collect interesting data on the voracity, life-cycle and control 
measures. The Forest Insect Survey also plays an important part in the 
discovery of useful insects such as parasites and their practical use for | 
control. | 

Let us mention the principal insects collected and which were the 
object of careful study in the season of 1939-40. The European Spruce 
Sawfly being discussed in the next chapters, has been omitted in the present ` 
list. The Larch Sawfly is doing most of its damage in the counties of 
Pontiac, Gatineau, and Labelle. The Black-Headed Balsam Sawfly is 
spread throughout the province, but not numerous enough to cause any ` 
perceptible damage. The Yellow-Headed Spruce Sawfly shows a preference 
for the ornamental trees. Traces of that species were found at Labelle, - 
Nominingue, Kiamika, Mount Laurier, Ste. Anne du Lac, La Tuque and 
at Chute aux Outardes. The Hemlock Looper, except for a few isolated 
sections in the Chicoutimi county, has not been serious. Leconte's Sawfly 
seems to have too many natural enemies to be able to reach an alarming 
- point. It has infested the pine trees in the Bic Seigniory and in the Lachute 
Reserve. The Black-Headed Sawfly was found with Leconte's Sawfly in 
the Bic Seigniory. The Birch Sawfly severely infested the two regions just 
mentioned as well as that of St. Michel des Saints. Since 1934 all the 
deciduous trees, in the neighbouring forests of Lake Megantic, were de- 
foliated by the Forest Tent Caterpillar. This outbreak ended in the spring 
of 1939 when all the young larvae perished from a bacterial disease. The 
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Larch Case Bearer was frequently found at Rivière-aux-Outardes, and also 
on the banks of Lake St. Peter and at La Minerve. The White Pine Weevil 
is causing some damage near Cheneville at l'Annonciation, Fort-Coulonge, 
and in the township of Chichester at Proulx. It destroys the terminal 
shoots of the young pines in the nurseries and also attacks the Norway 
spruce. In the Roberval and part of Lake St. John counties, the Jack Pine 
is being seriously infested by an insect called the Jack Pine Pitch Noodle 
Maker. 


II. EUROPEAN SPRUCE SAWFLY 


(a) Distribution(1). 


The life-cycle of the European Spruce Sawfly is now very well known 
and has been taught to all the foresters collaborating with us. The dis- 
tribution and abundance of the insect in our province is observed, followed 
and noted with great care. Of the 2,896 samples received at Duchesnay in 
1939, nearly 1,500 contained the spruce sawfly, forming a total of more than 
78,000 specimens and representing 65% of all the insects reported by our 
field survey. The European Spruce Sawfly was first found in the Gaspé 
district in an epidemic state in 1930. The most important centre of infesta- 
tion covered all of the Gaspé Peninsula from Riviére du Loup to the extrem- 
ity of the peninsula. In that section, the defoliation of the spruce is quite 
visible and in certain places can be estimated as high as 90% and over. It 
was learned from our 1937 survey that more than one third of the spruce 
trees had perished in some townships. From Gaspé Peninsula the epidemic 
spreads out to cover all of the eastern part of our province. However, 
it seems to become less intensive as it moves farther away from this centre. 
In the counties of Dorchester, Bellechasse, Montmagny and Charlevoix 
as well as on this portion of the North Shore extending from Tadoussac to 
the River Moisie, it is considered as being medium. The damage is light in 
the St. Maurice regions and along the banks of the river. When found 
elsewhere, the larvae are not as a rule abundant. However, these areas 
should not be neglected as the number of individuals might be increasing 
from year to year. 


In general, the insect seems to have spread out over a larger area than 
last year, and apparently we are justified in stating that the sawfly has 
moved out towards the west and that there remains but one narrow strip of 
land apparently not infested. 


(b) Ecological Studies on the European Spruce Sawfly(2). 
Thanks to the co-operation of the National Forestry Program, this 


(1) By M. Genest. 
(2) By R. Martineau. 


study, begun in 1938, has progressed rapidly during the season of 1939 and 
1940. 

The project involved the establishment of 6 sample-plots located in 
the Gaspé Peninsula and Matapedia Valley as follows: 


1938 Lake Ste-Anne (a) Pure stand of Black Spruce. : 
(b) Mixed stand of Black Spruce, White 
Spruce, Birch and Balsam. 


1939 Ruisseau Creux (a) Pure stand of Black Spruce. 


Albertville (a) Young stand of White Spruce. 
1940 Ste-Florence (a) Pure stand of old White Spruce. 
(b) ík (¢ bb tt ¢ 


Field notes fall into two large groups: forest and entomological notes. 

Trees were first considered as being part of stands classified according 
to their type, age, density and intensity of infestation. In order to make a 
detailed study, the trees were then numbered and for each, the following 
data were recorded: diameter at breast-height, trunk height, crown height, 
total height, crown volume, crown radius and crown projection. Added to 
this the growth of trees was studied in order to ascertain the effect of the 
European Spruce Sawfly attacks; the growth being determined for the last 
30410 and 15 years: 

The lower vegetation was divided according to species and abundance 
and in all the sample plots the average thickness of the humus was also 
recorded. 

The Entomological observations consisted: 


a) in finding the population of living larvae in each tree and estimating 
the approximate percentage of foliage eaten by the larvae. 


b) Cocoon population studies involving tests and comparison of various 


sampling methods. 

c) The development of the European Spruce Sawfly in relation to the climate(1). 
'The summer of 1939 marked the starting point of an elaborating study 

of the effect of the climate on the development of the European Spruce 


Sawfly, Diprion polytomum. The Quebec Forest Insect Survey, by the 
extensive and diversified territory it covers, facilitated the correlation of 


the geographical position and the climate which characterizes it, with the ` 


rate of development of this insect. In all some 1,500 larval samples were 
taken in that part of the province extending south of the 50th parallel of 
latitude, to the frontiers of the neighbouring provinces and states. 


(1) By G. Paquet. 
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At the time of its reception at the Duchesnay Laboratory, each sample 
was classified in six categories, corresponding to the six larval stages of the 
insect. This type of classification was used to establish the percentage of 
development reached by the insect at the moment of its arrival at Duches- 
nay. d 

Moreover the rearing of larvae in the laboratory made it possible for 
us to note the date on which the first cocoon was formed, as well as the dates 
of the average and maximum formation of cocoons. | 

The localization of all these data, percentage of development, date of 
formation of cocoons, etc., on the map of the Province of Quebec will permit 
to draw a series of curves or lines of development on the territory inven- 
toried. An analysis of all these curves will enable us to prepare a bioclimatic 
map of the southern part of the Province of Quebec. The preparation of 
such a map will be made easier by the fact that the European Spruce Sawfly 
is, today, established all over the area studied, except for a portion of the 
Gatineau district. 

Furthermore, incubator experiments at constant temperatures and 
relative humidities were made in view of determining the Thermal Constant 
of the insect. 

Thanks to the Meteorological Bureau of the Protection Service, it will 
be possible for us to compare our bioclimatic charts with the meteorological 
charts of the same territory. Data compiled from 125 meteorological sta- 
tions on the precipitation, relative humidity and temperature, will give rise 
to climatological maps of the province. The comparison between the 
climatological maps and the bioclimatic maps will enable us, we hope, to 
determine the influence of climatic factors on the development of insects. 

Then, an attempt will be made to establish the practical utilization of 
such a bioclimatic map, by correlating the graphic curves or lines of de- 
velopment for the spruce sawfly with the data derived from samples of other 
insects, such as the Yellow-Headed Spruce Sawfly, Pikonema alaskensis 
Roh., the Larch Sawfly, Pristiphora erichsonii Htg., etc... 

Finally, a table showing the differences in the length of development 
between various regions or localities of the Province of Quebec will be 
prepared. 


3. PARASITES 


a) Spruce Sawfly. 

Although 18 species of parasites have been introduced to fight the 
European Spruce Sawfly, most of the liberations consisted of two species: 
Exenterus abruptorius, a larval parasite and Microplectron fuscipennis a 
cocoon parasite, very effective, easily reared and of which millions are being 
liberated each year. 


[9] 


y 


The manipulation and the multiplication of parasites are carried out | 


at the Federal Laboratory of Belleville, Ont. Our Entomological Service s 


collaborated especially in the collection of cocoons in the field, while the 
Protection Service together with the Forest Protective Associations, took 


over the work of liberating parasites in the forests. It would-be an advant- | 


age for Quebec to have at Duchesnay its own parasite laboratory. Not SO 
much for research work which involves considerable equipment and tech- 
nicians and which can be conducted with more benefit by the Dominion : 
laboratory, but for mass production of parasites which have been tested by 
Ottawa and found effective for the control of noxious species. | 


During the months of July and August, 1939, the Entomological Ser 
vice, collaborating with the National Forestry Plan, employed at Albert- 
ville, Matapedia, about 65 young men, between the ages of 18 and 25 years 
old, for the purpose of collecting cocoons which were to be used later on for 
the propagation of parasites. One million and a half cocoons were collected 
during these two months. As it is estimated that each parasitized cocoon . 
gives rise to about thirty parasites, we estimated that the cocoons collected 
at Albertville permitted the liberation of a supplementary number of 
approximately 50 million parasites. | 

More than 100 million parasites of the Microplectron fuscipennis were 
liberated in the Province of Quebec in 1939. The following synopsis shows 
the number of parasites liberated up to 1939: ۱ 


SYNOPSIS OF THE LIBERATION OF THE PARASITE MICROPLECTRON 


FUSCIPENNIS 
LIBERATIONS FROM 1933 o 
LIBERATIONS IN 1939 1030 INCEÓSIVELO 
ORGANIZATIONS NUMBER YEAR NUMBER 

LIBERATED LIBERATED 

laurentian DP. nette Mou 34,500,000 1933 15,000 
Rother St Lawrence FO n s 28,000,000 1934 695,000 - 

Price Bross bs Do UU SUA. ae eue 16,000,000 1935 2,180,000 

St Maurice ROP A... D 14,000,000 1936 13,139,000 

Service de la Protection... ی‎ ves 13,700,000 1937 32,634,000 

Others Un SU dint ی‎ E cx LL UE EN 2,239,000 1938. 83,745,000 

1939 108,439,000 

ROTAR E EA B 108,439,000 Toraz......| 240,847,000 


| 
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The parasite is now established in most of the regions where it was 
liberated. In certain parts of the Matapedia valley, over 50% of the 
cocoons are parasitized. According to reports from Belleville, the percentage 
of parasitism, at St. Roch-des-Aulnaies, is just as high. It can, therefore, 
be seen that with this parasite we have a very effective means of controlling 
the European Spruce Sawfly, and if the intensive rearing of these parasites 
is continued, it will only be a question of time before this devastating insect 
is checked. 


4. PUBLICATIONS 
Here is an up-to-date list of papers published by the members of the 
Entomological Service: 


Contributions Nos.: 


1.—Notes sur Phyllotoma nemorata Fallen, 
Bul. 1, 8 pages, 2 tab.—octobre 1939, A. R. Gobeil. 


2.—Dommages causés aux forêts de la Gaspésie par les insectes. 
Bul. 2, 13 pages, 5 tab., 1 Pl.—octobre 1938, A. R. Gobeil. 


3.—Les insectes forestiers du Québec en 1938. 


Bul. 3, 48 pages, 3 tab., 3 figs, 1 PI. 
janvier 1939, A. R. Gobeil. 


4.—Les insectes forestiers du Québec en 1939. 
Bul. 4, 38 pages, 5 tab., 1 Pl.—mars 1940, R. Lambert et M.-E. 
Genest. 


5.—The Classification of Forest Insects Injury. 


Ann. Rep. Entomological Soc., Ont., pp. 88-92, 1939. A. R. 
Gobeil. 


6.—Importance des statistiques dans les travaux forestiers. 
La Forét Québecoise, Vol. II (2): 31-48, 1940, A. R. Gobeil. 
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FOREST ENTOMOLOGY 
A. R. GoBEIL 


We are ending the present fiscal year with a staff numerous enough to 
make it possible in the future to divide the activities of our Service into six 
sections, each headed by a forest engineer specialized in forest entomologv. 


DIRECTOR 


PERMANENT SAMPLE 
PLOTS AND 
INSPECTIONS 


INSECT 
BIONOMICS 


FOREST INSECT 
SURVEY 


SYLVICULTURAL 
AND NATURAL 
CONTROL 


BIOLOGICAL 


CONTROL PUBLICITY 


Of course, before controlling noxious insects, entomologists ought to 
know their identity, distribution and abundance. That is the object of the 
forest insect survey section conducted by Mr. Robert Lambert. 

Although the observations made by the fire-rangers of the Protection 
Service and Protective Associations may be very important, they must be 
completed by more detailed studies made in permanent sample plots. 
Furthermore, nurseries, plantations and some ornamental trees and stands 
of great esthetical or recreational value are subjected to special inspections. 
These studies make the object of the section headed by Mr. Marcel E. 
Genest. | 
The application of mechanical or chemical methods of control is often 
prohibitive in forest, because too expensive. Entomologists rather employ 
biological control measures, such as the use of parasites, especially against 
foreign insects. This section is directed by Mr. Gérard Paquet. 

When dealing with native insects, epidemics generally follow from 
perturbations in the habitat and the control of these insects involves the 
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use of sylvicultural or natural methods. These studies are under the 
direction of Mr. René Martineau. 


The projects requiring the study of habits and life cycles of beneficial 
or noxious insects and of the effect of climatic and other ecological factors, 
are combined in the section of insect bionomics directed by Mr. A. R. Gobeil. 


To succeed in controlling forest insects, entomologists ought to rely 
upon the cooperation of all the classes interested in forest protection. 
This contribution will be obtained provided the public be informed of the 
forest entomological problems. This is the object of the publicity section. 


1.—FOREST INSECT SURVEY (1) 


'The Forest Insect Survey has been carried out this year with the help 
of the fire-rangers of the Protection Service and of the following Protective 
Associations: Laurentian, St. Maurice, Southern St. Lawrence and Price 
Brothers. During the summer, nearly 5,000 insect samples, totalizing 
150,000 specimens, have been sent to Duchesnay. These samples were 
distributed as follows: 


ORGANIZATIONS NUMBER OF NUMBER OF Diprion 
COLLECTORS SAMPLES Polytomum 

Quebec Protection Service............. 364 2,390 40,837 
arent b DAS ee SEN: 123 996 14,742 
Southern St. Lawrence F.P.A........... 47 323 17,223 
St Maurice BP AUN UD Un Sa 43 479 2I 
Price Brothers, Pores PEST 29 193 2,840 
Miscellaneous: ua E ae EE 32 564 3,166 
TOTALS c PE DUNS A CA: ANT 658 4,963 80,995 


The most important results obtained from this survey have been 
published in a contribution entitled: “Les Insectes Forestiers du Québec en 
1940”. | 


Amongst the principal insects observed during the season, the European 
spruce sawfly, Diprion polytomum, was the most frequent and the most 
damaging. Its development started two weeks earlier than in 1939; but 
generally it produced just one complete generation. 


This sawfly was uncommon northward the 50th parallel of latitude. 
Southward in the Province, if we except a sample of one larva taken in 


(1) By Robert Lambert. 
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Kensington township, only the Gatineau region seemed to be preserved from 
this insect. In all the other parts of the Province, it was more or less 
common. | 


The infestation has much decreased in the Gaspesia, Lower St. Law- 
rence, North of Montreal and Temiscaming regions (Figure 1). But a 
notable increase has been recorded in the Eastern Townships and the 
Laurentides. The increase is less conspicuous in the St. Maurice region 
and on the North Shore. The abundance remained identical in the Lake 
St. John and Abitibi regions. The micro-organic disease, observed in 1939 
on the larvae, was more common this year, especially in Gaspesia. In 
many localities, most of the larvae died from this disease. The same natural 
control was frequent on the larvae reared in the laboratory. But parasitism 
seems to remain the chief control agent. 


Regions ` Degree of abundance 


Gaspesia 

Lower St.Lawrence 
North Shore 
Laurenticle 


Lake Sf John 
Eastern Townships 
Sr. Maurice 
Abitibi 


North of Montreal 
Temiscaming 
Gatineau 


FIGURE 1.—Diprion polytomum.—Degree of abundance for 1939 and 
1940 in the different regions of the Province. 


Amongst the other spruce defoliating insects, the yellow-headed spruce 
sawfly and the black-headed fir sawfly may be mentioned. The hemlock 
looper and the false hemlock looper were more frequent than in 1939, but 
they did not cause any apparent damage. 


The larch sawfly, Pristiphora erichsonii, was found in all the tamarack 
stands.. It was more common than during the preceeding year. The Gati- 


Wie 


neau valley and the Temiscaming region were mostly affected. In the 
neighbourhood of Otter Lake (Pontiac), and in Masham township (Gatineau), 
the larch stands were almost completely defoliated, and the trees had a 
reddish appearance as if they were scorched by fire. In the Lake St. John, 
Abitibi, North Shore and St. Maurice regions, the increase of the larval 
population was evident. In the North of Montreal, in spite of a decrease 
of the larvae over the preceding year, a defoliation averaging 40 per cent 
of the foliage has been noted. Near St-Fabien (Rimouski), this sawfly has 
been almost completely destroyed by a parasite called Mesoleius ۰ 
Another very effective parasite, called Bessa selecta, apparently also attack- 
ing the European spruce sawfly, would seem quite common in Clericy town- 
ship (Abitibi), where 25 of these parasites were obtained out of 56 cocoons. 

Amongst the other insects locally abundant, the Leconte's sawfly, the 
pine spittle bug, the white pine weevil and the birch and mountain-ash 
sawflies ought to be mentioned. 

By continuing this annual survey on a larger scale, the evolution of the 
most common species will be observed and so, future outbreaks prevented 
by the application of the proper control measures. 


2.—PERMANENT SAMPLE PLOTS AND INSPECTIONS (1) 


Inspections started on June 3rd, 1940 and ended on October Sth. . 
During this season, 21 permanent sample plots were visited in 14 localities, 
6 plantations and 1 tree-nursery. Furthermore, 14 inspections were made. 
on special requests. 


Here is a brief summary of forest insect pests found. Where damages 
were ascertained, a report was sent to the owner, suggesting appropriate 
methods of control. Although insects were found in nearly each locality 
visited, no mention was made in this list of those where no real damage was 
observed. 


(1) By Marcel E. Genest. 


LOCALITY 


Permanent sample plots: 
1.—Duchesnay 
2.—Lachute 


3.—Lake Barrette 


4.—Lake Regis 
5.—Lake Noel 
6.—Lake Edward 
7.—Lake Mekinac 
8.—Eagle River 
9.—Tomasine River 
10.—Gens-de-Terre River 
11.—Darmouth River 
12.—Wickenden Lake 
13.—Crooked Lake 
14.—Kenogami Lake 


Plantations: 
1.—Proulx 


2.—Rge St. Mathieu 
3.—Rge Côte St. Pierre 


4.—Mulgrave Township 
5.—Hartwell Township 
6.—Les Eboulements 


Tree-nursery: 
. 1.—Proulx 


Special Inspections: 
1.—Maine Boundary 
2.—Spaulding Township 
3.—Clinton Township 
4.—Lingwick Township 

Newport Township 
5.—Laurentide Park 


6.—Bostonnais River 
7.—Heart Lake 
8.—Macpes Reserve 


9.—Humqui Lake 

10.—St. Anne Lake 
11.—Pabos-West River 
12.— York River 
13.—Grande-Vallee Reserve 
14.—Kenogami Lake 


Abbreviations: 


QUIS Quebec Forest Service 

DES Dominion Forest Service 

Pr Canadian International Paper 
N.B.I.P. New Brunswick International Paper 
CERC: Consolidated Paper Corporation 
S.M.C Singer Manüfacturing Co. 
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INSECTS FOUND 


INFESTATION 


Miscellaneous 
European spruce sawfly 
Pine spittle bug 
European spruce sawfly 
Birch rusty tussock moth 
Miscellaneous 
European spruce sawfly 
Miscellaneous 

Hemlock looper 
Hemlock looper 
Miscellaneous 
Miscellaneous 
European spruce sawfly 
Miscellaneous 

Hemlock looper 
Miscellaneous 


European spruce sawfly 
Hemlock looper 

White pine weevil on spruce 
Spruce gall aphid 

European spruce sawfly 
White pine weevil on spruce 
Spruce gall aphid 

European spruce sawfly 
Yellow-headed spruce sawfly 
Miscellaneous 

European spruce sawfly 


European spruce sawfly 


European spruce sawfly 
Miscellaneous 

Eastern spruce bark beetle 
European spruce sawfly 
European spruce sawfly 
Birch black looper 

Larch sawfly 

European spruce sawfly 
European spruce sawfly 
European spruce sawfly 
Spruce gall aphid 

Birch sawfly 

Leconte's sawfly on red pine 
European spruce sawfly 
European spruce sawfly 
Miscellaneous 

European spruce sawfly 
European spruce sawfly 
Miscellaneous 


None 
Inconspicuous 
Severe 
Medium 
Inconspicuous 
None 
Inconspicuous 
None 
Inconspicuous 
Inconspicuous 
None 

None 

Severe 

None 
Inconspicuous 
None 


Light 
Inconspicuous 
Severe 

Severe 
Inconspicuous 
Severe 

Severe 
Inconspicuous 
Severe 

None 
Inconspicuous 


Inconspicuous 


Inconspicuous 
None 

Severe 
Inconspicuous 
Inconspicuous 
Medium 
Inconspicuous 
Light 
Inconspicuous 
Light 

Light 

Severe 

Light 

Severe 

Total 

None 

Severe 

Severe 
Inconspicuous 


BiG. 
IC RARR Ge Ray 
IG 


Price Bros. & Co. Ltd. 


Megantic Manufacturing Co. 
M.P. Lake Megantic Pulp 

.P.P. | Brompton Pulp & Paper 
S.C.  Gaspesia Sulphite Co. 


3—INsECT BIONOMICS 


a) Ihe diapause in sawflies (1) 


Started in 1938 and finished during the present fiscal year, this project 
was intended to determine the effect of some factors on the breaking of 
the diapause in sawflies, such as Diprion polytomum and Pristiphora 
erichsonii. The optimum hibernating temperature would be around 32°F. 
None of the studied species could live more than ten weeks at 80°F.. The 
optimum habitat for the nymphal period of Diprion polytomum would be 
between 75°F. and 80°F., with a relative humidity of 80 per cent or more. 
Thermic shocks at the beginning of the hibernation produce diapauses 
harder to break, whereas the same shocks at the end of the hibernation 
accelerate the reactivity. At temperatures approaching the freezing point, 
the larvae can live more than three weeks completely submerged in the 
water. Short water immersion during the hibernation increases the per- 
centage of emergence. The metabolism is still more intense if the immersions 
are made in a sulphric acid solution at pHs. On the other hand, glycocoll 
inhibits the reactivity and increases the rate of mortality. 


b) Bioclimatic study of the European spruce sawfly (2) 


'This developmental study of the European spruce sawfly, Diprion 
polytomum, as influenced by the climatic factors, was started in 1939. 
Larval samples of this insect were used to determine the date of cocoon 
formation in various areas of the Province. The difference between these 
dates made it possible to compare the relative suitability of a series of 
regions or localities for insect development. 

During the summer 1939, 1,500 samples of the sawfly, including almost 
75,000 larvae, were taken over a territory of about 150,000 square miles. 
When the samples were received at the Duchesnay laboratory, the date and 
the number of individuals in each larval instar were recorded. Then all the 
larvae were reared till the formation of the cocoons. 

The lines of longitude and latitude divided the surveyed territory into 
a series of zones, which were themselves subdivided into four symmetrical 
subzones. Zones and subzones were then distributed into ten regions. 

Since the date of larval appearance in forest largely determines the 
time of cocoon formation in laboratory, and because the insect had 
completed more than 60 per cent of its development in its original forest 
habitat, the date of cocoon formation in the laboratory was used to compare 
the relative suitability of various areas of the Province for the sawfly 


(1) By A. R. Gobeil. 
(2) By Gérard Paquet. 
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development. The Eastern Townships would be the most favourable region 
for insect development, being followed by the Lower St. Lawrence, Northern 
Montreal, St. Maurice, Abitibi-Temiscaming, Gaspesia, Laurentide Park, 
Lake St. John and North Shore regions. The Eastern Townships would 


show a difference of 13 days with the least favourable region of the North 
Shore. 


DEVELOPMENTAL CHART 


TO FIND THE DIFFERENCE IN THE DATE 

OF COCOON FORMATION IN NUMBER 

OF DAYS LATER, FOLLOW DOWN THE WER- 
TICAL COLUMN UNDER THE NAME WHICH 

IS IN HIGHER GRADE IN THE SCALE UNTIL 

THE FIGURE OPPOSITE THE NAME OFTHE 

OTHER LOCALITY 15 REACHED 
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FIGURE 2.—Developmental chart of the European spruce sawfly. 


Furthermore, the number of individuals in each larval instar in a 
sample provides a valuable index of the degree of development completed 
by the insect at the time of sampling. The instars of 66,209 larvae, obtained 
from 1,354 samples, made it possible to figure the percentage of development 
undergone by the sawfly at the average date of sampling. This percentage 
was then used to calculate the number of days required to complete the 
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growth. These days being added to the date of sampling, the theoretical 
date of cocoon formation was calculated for each spot. This date of cocoon 
formation would classify the Lower St. Lawrence region as the most suitable 
area for the sawfly development, being followed by the Eastern Townships, 
Abitibi-Temiscaming, St. Maurice, Lake St. John, Gaspesia, Northern 
Montreal, Laurentide Park and North Shore regions. A 13 days difference 
would also be figured between the two extreme regions. 


Using average figures of the data secured from the larval rearings in 
the laboratory and the larval instars of the samples, a bioclimatic map of 
the Province was drawn which makes possible to determine an approxima- 
tive difference in number of days between the dates of cocoon formation in 
various points of the surveyed territory. By means of the same averaged 
data, developmental charts were prepared indicating the difference in days 
between the dates of cocoon formation in the various regions and some 
localities (Figure 2) of the Province. 


The data secured from these maps and charts may be applied in agricul- 
ture and forestry. Being used as indicators of the biotic potential of the 
various points of the Province, they may, by comparison, very well forecast 
the dates of appearance of other biological phenomena, such as the germina- - 
tion and the flowering of plants, and be used in plantation, reforestation and 
protection works. On the other hand, it would be useless to anticipate, 
from an investigation covering a single season, final data on such a compre- 
hensive problem. Nevertheless, it may be expected that this study, which 
will be continued next year, will make it easier to control our noxious insects. 


۸ “BIOLOGICAL CONTROL 


Parasites (1) 


Insect control by means of parasite introduction makes it possible to 
bring back the injurious species to an inoffensive level. The year 1940 
denotes a remarkable increase in the use of this control measure. Eighteen 
parasite species were released in forest to strive against three noxious forest 
insects. The European spruce sawfly, because of its importance in our forest 
economy, above all attracted the attention of the entomologists. Of the 
sixteen species liberated against this insect, Microplectron fuscipenms, 
a cocoon parasite, holds the record. The annual liberation of this parasite 
always increased since 1933, as shown by the following table: 


(1) By Gérard Paquet. 


[12] 


MICROPLECTRON FUSCIPENNIS LIBERATIONS IN QUEBEC 


VEAR NUMBER LIBERATED VEAR NUMBER LIBERATED 
1933 15,000 1937 32,634,000 
1934 695,000 1938 83,745,000 
1935 2,180,000 1939 108,439,000 
1936 13,139,000 1940 153,650,000 

Roralisince MAS e TEE Ee Pp S 394,497,000 


The rearing of the parasites was done by the Dominion Division of 
Entomology at its parasite laboratory of Belleville, Ontario. Besides 
cooperating in the cocoon collection in forest, the Entomological Service 
selected the liberation areas and looked after the release work in forest. 
From July to October 1940, about 65 boys, put at the disposal of the 
Entomological Service by the National Forestry Program, were engaged, 
at St. Florence, Matapedia county, in the collection of cocoons to be used 
for parasite propagation. The two million cocoons, which they collected, 
provided the material necessary for the propagation of about 60 to 65 
million parasites to be released in the Province. Furthermore, due to its 
forest insect survey, the Entomological Service made it easier to locate 
infestation areas where a parasite liberation was urgent. Finally, through 
the fire-rangers of the Forest Protection Service, the Entomological Service 
released, in 1940, 44,300,000 parasites, the Forest Protective Associations 
assuming the liberation of more than 109 million. 


A few cocoon recoveries seem to indicate that the parasites have 
developed in all the points of release. However, because of the enormous 
variations in the degree of parasitism at the various points of release, 
it is preferable not to give percentages as long the subject has not been 
thoroughly studied. 


5 —SYLVICULTURAL AND NATURAL CONTROL 


Population studies of the European spruce sawfly (1) 


The population studies of the European spruce sawfly, Diprion 
polytomum, started at Lake St. Anne in 1938, were completed in the 
Matapedia Valley during the summer 1940. The nature of the work required 
that the observations be made in forest stands of different types with large 


(1) By René Martineau. 
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populations of the sawfly. The object of this study was to correlate the 
abundance of this insect with the ecological factors prevailing in the spruce 
stands. After a comparative analysis of the forest and entomological data 
gathered in the field, the following conclusions were derived: 

1. The humus layer covering the mineral soil has an influence upon 
the emergence, because, according to its actual depth, it retains water 
more or less efficiently. However, the influence of a given depth of humus 
varies with the character of the habitat. In a dry place, a deeper humus 
layer is advantageous to the insect because it needs humidity for its develop- 
ment. On the other hand, in very moist conditions, a deep humus layer will 
tend to lower the temperature and thus delay development. 

2. The development of the insect in the cocoon is also influenced by 
sunlight. As a matter of fact, for a given area the percentage of emergence 
is inversely proportional to the percentage of area shaded by the tree 
crowns. This influence of the sunlight is also well designated by the fact 
that the percentage of emergence is generally higher at a greater distance 
from the tree trunk. 

Furthermore, it has been found that the larvae are positively photo- 
tropic, being concentrated on the east, south and west sides of the tree, 
rather than the north. Apparently sunlight would have the same influence 
on the adult female for the deposition of its eggs, because the infestation is 
generally more important in open forest stands. Contrarily, when the full- 
grown larvae drop down the tree to spin their cocoon, they become nega- 
tively phototropic. 

3. In young forest stands, the average mortality is relatively low. 
The explanation may be either that the foliage of the young spruce is more 
abundant and protects the insect against bad conditions of temperature, 
or that this kind of foliage is more nutritive. 


4. As a control agent shrews and squirrels are very effective, as shown 
in figure 3, the result of their activities being represented by the percentage 
of chewed cocoons. : 


The same figure also indicates that the mean 
percentage of mortality for the six sample plots 
is 10.6. However, this percentage may vary from 
5 to 75 per cent, depending upon the depth of the 
humus, the density of the stand and the condi- 
tions of temperature and humidity. 

Concerning the parasites, if they seem to be 
of secondary importance, it might be due to the 
fact that a part of the cocoons classified as sound 
might have been parasitized. But with the 
methods available in the field it was impossible 


FIGURE 3.—Classification of 
i ^ the cocoons collected within 
to make a better classification. the sample plots. 
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Moreover, as it has already been mentioned, these figures cannot 
characterize a whole region, because there are wide variations in the per- 
centage of parasitism, according to the distance from the point of release, 
Microplectron fuscipennis being rather slow in its propagation. 


It is a known fact that numerous larvae and cocoons serve as food for 
birds, particularly chickadees and partridges. But no exact data could be 
obtained due to the lack of stomach analysis. 


6.—PUBLICITY 


Our series of insect mounts was continued this year. Two mounts 
already had been prepared illustrating the development and habits of the 
spruce and larch sawflies. A third one, depicting the main orders of forest 
insects was distributed to the chiefs of districts, managers of forest associa- 
tions, and the inspectors of the Protection Service and the Protective 
Associations. 


Other circulars on forest insects were printed and distributed to fire- 
rangers, forest-rangers and other people, upon request. 


Ten conferences were given at the New Carlisle radio station. 


Two coloured films of four hundred feet each were prepared: the first 
on the “Duchesnay entomological laboratory" and the second on the 
“European spruce sawfly”. These films will be utilized next year, to explain, 
to the fire-rangers and other contributors, the work done at the Duchesnay 
laboratory and the methods used to control the European spruce sawfly. 


Till March the thirty-first 1941, the following papers were published 
by the Service: ` 


PuBLICATIONS OF THE ÉNTOMOLOGICAL SERVICE 


Contributions Nos.: 


1.—Notes sur Phyllotoma nemorata Fallen. 
Bul. 1, 8 pages, October 1937, A. R. Gobeil. 


2.—Dommages causés aux foréts de la Gaspésie par les insectes. 
Bul. 2, 13 pages, October 1938, A. R. Gobeil. 


3.—Les insectes forestiers du Québec en 1938. 
Bul. 3, 48 pages, January 1939, A. R. Gobeil. 


4.—Les insectes forestiers du Québec en 1939. 
Bul. 4, 38 pages, March 1940, R. Lambert and M. E. Genest. 
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5.—Les Autographes de l'épinette en Québec. 
Le Naturaliste Canadien, Vol. 68, (1): pp. 22-29, 1941, R. Lambert. 


6.—The Classification of Forest Insect Injury. 
Ann. Rep. Entomological Soc. Ontario, pp. 88-92, 1939, A. R. Gobeil. 


7 .—Serait-ce la fin de la mouche à scie Européenne de l'épinette? 
La Forét Québecoise, Vol. 11, (10): pp. 18-20, 1940, A. R. Gobeil. 


8.—Une nouvelle diète pour le Dermeste du Lard. 
La Forêt Québecoise, Vol. III (1): pp. 29-34, G. A. Tessier. 


9.— Dendroctonus piceaperda Hopk: A detrimental or beneficial Insect? 
Journai of Forestry, Vol. 38, (7): pp. 632-640, 1941, A. R. Gobeil. 


10.—Les insectes forestiers du Québec en 1940. 
La Forêt Québecoise, Vol. TIT, (2): pp. 29-41; (3): pp. 29-45, 1941, 
R. Lambert. 


11.—La diapause chez les Tenthrédes. 
Can. Jour. Research, Vol. 19, (D): pp. 363-416, 1941, A. R. Gobeil. 


12.—Entomological Branch—Third Annual Report, 1940. 
Entomological Service, Dept. Lands and Forests, Fish and Game, 
12 pages, 1941, A. R. Gobeil. (French and English editions.) 
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The year 1941 was the fifth anniversary of the establishment of the 
Entomological Service, Department of Lands and Forests. Since its creation 
many important works have been done both in forest and at the laboratory 
in Duchesnay. 

Under Mr. Lamberts direction, the Forest Ter Survey has made 
considerable progress and it covers at present all the forestry areas patrolled 
by the fire-rangers of the various Forest Protective Associations and 
Companies. 

To complete the information collected by the fire- -rangers, more than 
sixty inspections have been made by Mr. Marcel-E. Genest in permanent 
sample-plots, timber limits, reforested areas, tree nurseries, etc. 

'The bark beetles and wood borers in cut over and in burnt areas have 
been the object of a special investigation by Mr. René Martineau. 

The study undertaken by Mr. Gérard Paquet on the development of 
the European spruce sawfly in different localities of the Province has been 
continued. 

Mr. Gérard Paquet, in charge of the Biological Control Section, has 
carried out a study on the effectiveness of the parasite, Microplectron fusci- 
pennis, in the fight against the European spruce sawfly; millions of parasites 
were liberated in the Province, and many thousands larvae and cocoons of 
the host have been collected for use in the multiplication of the parasites 
of this pest. 

Besides answering numerous requests for information, the Entomolo- 
gical Service has tried to inform its collaborators and to stimulate the 
interest of the public in general in the control of forest insects, by means of 
educational films, lecture tours, publications, etc. 


FOREST INSECT SURVEY (1) 


In 1941, the Forest Protection Service of the Department of Lands and 
Forests, together with the Forest Protective Associations, namely the 
Laurentian, the St. Maurice, the Southern St. Lawrence, and the Price 
Brothers, have contributed actively to the success of the Forest Insect 
Survey. A total of 865 co-operators have sent, to our laboratory at 
Duchesnay, 6,574 samples collected on all our principal species of forest 
trees. 

The most important information obtained during the summer was 
published in contribution No. 15 of the Entomological Service (2). 


| | (1) By ROBERT LAMBERT, B.A., F.E. 


(2) Les Insectes Forestiers du Québec en 1941. Le Naturaliste Canadien, Vol. 69, 
(8 & 9): 173-205, 1942, R. LAMBERT. ` AS ۱ 
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The European spruce sawfly, Diprion polytomum, continues to be our 
most important forest insect. It is becoming more evenly distributed and 
the only regions which have not yet been affected are the northern parts 
of the Gatineau and north of Montreal. The gap which existed east of 
Abitibi and Gatineau regions, where the insect was considered absent in the 
past, has now been filled along the railroad in Abitibi, and in the south-east 
portion of Pontiac county, along a line passing through Maniwaki, Grace- 
field and going as far as Labelle county. 


The relative abundance of the insect in 1940 and 1941 in miscellaneous 
regions of the Province is shown graphically in Fig. 1. 
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Figure I.—Diprion polytomum—Degree of abundance for 1940 and 1941 in 
the different regions of the Province 


In Gaspé Peninsula and in Lower St. Lawrence the damages done to 
spruce trees were slight this year, in comparison to those caused in 1939 and 
1940. The same thing may be said for all other regions of the Province, 
with an exception for the Laurentide Park and especially for the eastern 
part, where the defoliation averaged between 15 to 20%. 


Amongst the most important factors of control affecting the sawfly, 
we can mention the micro-organic disease which spread out rapidly in all 
regions of the Province. A large proportion of the larval population on the 
trees was destroyed by this disease and numerous larvae were already dead 
when they reached Duchesnay. The scarcity of cocoons this year, where 
they had been so abundant in 1940, was due evidently to the reduction in 
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the larval population on the tree during the preceding season. The parasites 
constitute also an important factor of control. In 1941 alone, 147,200,000 
Microplectron were liberated in the Province. Let us hope that they will 
bring favourable results. Finally, the climate was also a factor of importance, 
since, in many regions, it was too severe to allow the insect to produce a 
second generation. 


The damages caused to balsam, spruce, and pine trees by the spruce 
budworm, Cacoecia fumiferana, were more important in the western part 
of the Province than those done by any of the other injurious insects. 
For instance, all along the Ontario boundary, the defoliation was as follows: 
30% for spruce and 50% for balsam. Furthermore, 10% of the balsam died 
nearby Lakes Hébécourt and Duparquet, where the damage was excep- 
tionally high. But, the epidemic by this insect is reducing in importance 
when we reach the Gatineau, north of Montreal, and the eastern regions 
in Abitibi. As a matter of fact, this infestation is very severe in north- 
eastern Ontario and slows down progressively towards east. 


As the field of action of this insect covers several thousand miles in 
Ontario and Quebec, it would be useless to attempt to protect infested 
trees with insecticides. The only hope is that the parasites will continue to 
multiply themselves in sufficient numbers to stop, as soon as possible, the 
spreading of the insect over new territory. 


The larch sawfly, Pristiphora erichsonii, has caused again some impor- 
tant defoliation in certain areas, but as a whole the insect was not so impor- 
tant during the past season. The reduction was especially noted south of 
the Gatineau, the North Shore, except for the shores of Romaine River, 
south Témiscamingue and the north-eastern region of the Laurentides. 


Other insects of importance are: The yellow-headed spruce sawfly, 
Pikonema alaskensis, which has defoliated, here and there, young spruce 
trees; the spruce gall aphid, Adelges abietis, frequent in the eastern and 
central parts of the Province; the Leconte's sawfly, Neodiprion Leconte, 
which was easily controlled at Moholey Creek and Lake Chateau 
(Argenteuil), by means of calcium arsenate pulverized on the foliage of 
young pines; the Swaine's sawfly, Neodiprion swainei, is increasing in 
number on jack pine, especially in the central part of the Province; the 
birch leaf miner, Phyllotoma nemorata, was common on birch trees in the 
east and central parts of the Province; finally the green-striped maple 
worm, Anisola rubicunda, was in important number in the regions North 
of Montreal and Gatineau. 


It will be easier in future, with the co-operation of all the Forest 
Protective Associations, to obtain more complete information regarding our 
forest insects and the damage they cause. | 
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INSPECTIONS (1) 


Although information gathered by fire-rangers for the Forest Insect 
Survey is of great value, it must be checked and completed by more 
detailed studies. Therefore, during the last three years, inspections were 
made in a large number of permanent sample plots, plantations, and tree- 
nurseries of the Province. In addition and on special requests, inspections 
were also made of companies’ limits and of ornamental trees. 


Whenever an inspection is made, a sample is collected of the defoliating 
insects, mining insects, cocoons, egg masses, wood or bark borers. Each 
sample is taken on a standard basis (2). When damages are observed, a 
report is sent to the owner suggesting the best means of control. 


Nearly sixty inspections were made in the Province this year during 
a period of four months. The notes and samples taken during these inspec- 
tions were added to the records of the Forest Insect Survey for 1941. The 
inspections made during the summer 1941 are tabulated below: 


INSPECTIONS MADE IN QUEBEC IN 1941 


LOCALITY OWNERS INSECTS AND Hosts INFESTATION 

1.—Permanent Sample 

Plots: 
Duchesnay: (2)4 ui Que. For. Ser....| Miscellaneous, Fir, Spruce....| None 
Valcartier (3)........ Dom. For. Ser..| Miscel., Spruce, Fir, Larch 2 7 NOIS 
Eachute IE Que. For. Ger. A Pine Spittle Bue ge 
Crooked hake eio Sin. Man. Co....| Miscel., Broad-leaved........ None 
Gens-de-Terre Riv.....| Can. Int. Pap...| Green Spruce Looper......... Inconspicuous 
Tomasine Riv. (2). ...| Can. Int. Pap...| Miscel., Jack Pine, Spruce. "None 
Earle Rivas Can. Int. Pap...| Green 5۵۲۱۱۵۵ None 
Lagrange Township. ..| Mad. Corp. Ltd. | European Spruce Sawfly...... Inconspicuous 
Parke Township (3)...|. Que. For. Ser... .| Miscel., Spruce, Fir... 22.238 None 
2.— Limit Inspections: 
Spaulding Township ..| Meg. Man. Co..| Miscel., Broad-leaved........ None 
Clinton Township..... Lake Meg. Pulp.| Spruce Bark-beetle........... Light 
Woburn Township....| Lake Meg. Pulp.| Miscel., Spruce. ............ None 
Weedon Township. ...| Brom. Pulp Pap.| Spruce Bark-beetle.......... Light 
Dudswell Township...| Brom. Pulp Pap.| Miscel., Spruce. ............ None 
Stoke Township...... Can. Pap. Cor...| Flat-headed Hemlock Borer...| Total 
Joly Township. ...... Can. Int. Pap... Miscel. Spruce. 22. as None 
3.— Special Inspections: 
Maine Boundary..... Miscellaneous. ..| European Spruce Sawfly...... Light 
Newport Township...| Guelph Cask Ve.| Miscel., Norway Spruce...... None 
Havelock Township...| Miscellaneous. . .| Miscel., Broad-leaved........ None 
Lake brûlé ee MacFarlane....| Birch Leaf-Mining Sawfly....| Medium 
Dando e E Spruce EE A Inconspicuous 


St. Louis School. 


(1) By MARCEL E. GENEST, F.E. 


(2) L'Utilité des : places d'études. permanentes en Entomologie. Le ۵ 
Canadien, Vol. 68, (12): 261-271, 1941, M. E. GENEST (Contribution N° 13 du Service 
d'entomologie). 
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INSPECTIONS MADE IN QUEBEC IN 1942—(Continued) 


LOCALITY 


— — — — _ — M 


ibid lea. 
Addington Township. . 
Suffolk Township 
Pontiac County 
EC a o 
BEL ANT VM aaa 
Sayabec 


4.—Private Plantations: 
Kildare Township..... 
D’Ailleboust, Seign.. . 

D'Ailleboust, Seign.... 
richard SET Joli. ` :.. 
St. Barthelemy St., Jol. 
Mulgrave Township... 
Hartwell Township.... 


OWNERS 


Miss Copping... 
Sin. Man. Co.... 
Sin. Man. Co.... 
Miscellaneous... 
W. L. Veit 
R. Bélanger..... 
R. Bélanger... 


ee se e 


OsBeddrd $$ 
Ely Copping.... 
Wm. Copping... 
O Bedard N 
O. Bédard 
Sin. Man. Co.... 
Sin. Man. Co.. 


deSalaberry Township| Can. Int. Pap. 2 
deSalaberry Township| Can. Int. Pap... 


Vill.-des-Aulnaies 
Lac Matapédia, Seign.. 
Lac Matapédia, Seign.. 
5.— Private Tree- 
nurseries: 


Abord-à-Plouffe 
Berthier Jonct........ 
Berthier Jonct........ 
Berthier Jonct........ 
Montreal 


ere) ۵ ۵ 6) s ee ege s 


6.— Provincial Plan- 
tations: 


Lotbiniére Rge........ 
Lotbiniére Rge........ 
Chilton Township..... 
Chertsey Township... 
Chertsey Township.... 
Cathcart Township.... 
Cartier Township..... 
Masson Township..... 
SEUS s. ses 
SNA USC. ba nec 
SET Rs. en 


7.— Provincial Tree- 
nurseries: 


CC o و و 4 و‎ ee و‎ ào 


A. M. Deschénes 
J. Fenderson Co. 
J. Fenderson Co. 


“ee eee 


J. M. Bertrand. . 
A. D. Verreault. 
A. D. Verreault. 


. For. 
. For. 
. For. 
. For. 
. For. 
. For. 
. For. 
e. For. 
Fish. &Game Dept. 
Fish & Game Dept. 
Fish & Game Dept. 


SOLAS 
SET 


EOF 
Hör: 
Sc 
EOE 
For. 
. FOr. 
«For. 
SHOD 


SER 
Seri. 
Sera ds 
Seri» 
Ser... 
Ser X: 
Ser 
SE 


INSECTS AND HosTs INFESTATION 
Arbor-Vitae Leaf Miner...... Light 
DENON a o MN ere um Inconspicuous 
European Spruce Sawfly...... Inconspicuous 
Spruce .Dudwormpe tod Light 
Marlatt's Larch Sawfly....... Light 
Spruce Gall Aphid........... Light 
lee mero o vb eke > Total 
Scotch Pine Spittle Bug....... Inconspicuous 
Scotch Pine Spittle Bug. ..... Inconspicuous 
Scotch Pine Spittle Bug. ..... Inconspicuous 
Birch Leaf-Mining Sawfly....| Light 
Elm WollySADhid Light 
White Pine Spittle Bug....... Medium 
White Pine Spittle Bug....... Medium 
European Spruce Sawfly...... Inconspicuous 
White Pine Weevil on Spruce..| Medium 
رل ونوا‎ PS A ae e Light 
Soruce Gall ADhid Es Severe 
European Spruce Sawfly...... Inconspicuous 


Hawthorn Leaf-Mining Sawfly| Severe 
European Spruce Sawfly...... Inconspicuous 
Green-striped Maple Worm. Medium 
(Broad-leaved) Fall Webworm. Medium 


Rosy-striped Oak Worm...... Light 

Poplar Leal -Miner ae. Light 
Black-headed Poplar Sawfly...| Severe 
Mountain Ash Sawfly........ Medium 
Maple Bladder Gall ۰ Severe 
European Spruce Sawfly...... Light 

Spruce Gall Aphid S une Severe 
European Spruce Sawfly...... Inconspicuous 
European Spruce Sawfly...... Inconspicuous 
Marlatt's Larch Sawfly....... Light 

Spruce GalloA ohidy wren. vie. Light 
European Spruce Sawfly...... Light 
European Spruce Sawfly...... Total 
Leconte’s Red Pine Sawfly....| Severe 

Spruce Gall Aphid a Light 

White Pine Weevil on Spruce. .| Light 

Ash ADMIN Er u Total 

Pl Wolly Aphid o Severe 
Black-headed Poplar Sawfly...| Medium 
Marlatt's Larch Sawfly....... Inconspicuous 
European Spruce Sawfly...... Inconspicuous 
Spruce Gall Aphid ee 2% Medium 
Mountain Ash Sawfly........ Severe 
Marlatt's Larch Sawfly....... Inconspicuous 
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EcoLoGICAL STUDIES 


A .— Bark beetles and wood borers in cut over and in burnt areas. (1) 


A project was developed in 1941 to study bark beetles and wood 
borers frequently considered as the most injurious forest insects. Two 
principal habitats were to be investigated: cut over areas, which serve as 
centers of infestation from which the borers, after having completed their 
development, spread to nearby forests, and burnt over areas, where a high 
proportion of the trees is severely attacked by long-horned beetles. The 
studies started this year consisted in the establishment of permanent sample 
plots and preliminary samplings in order to become familiar with the subject. 


I.—Cut over areas 


The main object of the work carried out in cut over areas was to deter- 
mine the influence upon the insect fauna of the following treatments applied 
to slash left over after cutting operations are done: 


a. Shading in a given area of slash stumps and logs of more than 
three inches in diameter. This was done by laying branches of spruce and 
balsam in order to hide all bark from the sight of insects. 


b. Barking of slash on an area of the same size as in the preceding 
experiment, with the purpose of destroying all possible centers of infestation, 
obliging the borers thereby to establish themselves in slash of smaller 
dimensions or outside the treated area. 


c. The piling of slash according to their dimensions to establish the 
reactions of the principal borers. Slash was divided into three classes: 
branches, logs, and tops. 


These treatments were first applied on the limits of the Anglo Pulp, 
near Lake Jambon or Black River, in coniferous stands cut over in 1940. 
The same was done near Chandler on the limits of the Gaspesia Sulphite, 
in stands of same composition and cut over during the same year. This 
duplication was done to verify the results obtained in each case. Sampling 
at each place will be done regularly during the next three years. 


No notable influence due to the treatment applied could be recorded 
the first year. A preliminary sampling allows us to give a few notes on 
existing conditions. The long-horned beetles, Monochamus sp., which work 
in the wood, are generally present in logs and also in large branches. The 
same condition prevails in the case of the bark beetle, Dendrocionus 
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piceaperda, which develops very well in wasted logs. In the course of this 
study a curious observation was made: the population of this beetle was 
found to be more important in the cut over areas in the Laurentides Park 
than in Gaspé Peninsula, where this insect has previously caused serious 
damages from 1931 to 1934. Unfortunately the space allowed to us in the 
present report is so limited that it will be impossible to say anything about 
the secondary insects found this summer in cut over areas. 


11.—Burnt over areas 


The main object of our work in the burnt areas was to determine why 
the long-horned borers develop so rapidly in some burnt over areas, while 
in other stands similarly affected, the insect has no importance. This 
work necessitated the choice of stands affected at different degrees by 
long-horned beetles and by fire. In order to determine these conditions, 
three places were chosen, each representing a different degree of infestation. 
To complete these studies we selected at each place, sections where trees 
were more or less damaged. 


a. Clova. Area composed of black spruce, jack pine and balsam burnt 
over in 1941. After a period of five months most of the spruce and pine 
trees were covered with galleries extending inside the wood. 


b. Dolbeau. Area containing black spruce and balsam visited by fire 
early in June, 1941. The insects were not so abundant as in the previous 
place, although, in general, spruce had traces of exterior attacks. 


c. Chandler. Area of spruce and balsam destroyed by fire in August, 
1940. The following year, the trees remained intact and practically no 
damage was caused by insects. 


As we cannot expect definite results after only one season of work, the 
notes taken are necessarily incomplete. We will, therefore, summarize here 
only the principal observations made during the summer. The insect 
causing most of the trouble in burnt areas is a long-horned beetle known as 
Monochamus scutellatus Say. This insect takes more than one season to 
develop and no adults emerged in 1941. The larva works first in the bark 
and continues its gallery inside the wood, near the heart of the tree, and 
extends it to the exterior. Among species of trees studied, jack pine and 
spruce seem to be more commonly affected; the balsam is much less affected. 
It is interesting to note that no insect damages were found in large stands 
of spruce after the fire. 


Numerous species of parasites of long-horned beetles were found in 
infested areas, although they were not abundant enough to constitute an 
important control factor. 


REM 


B.— Development of the European spruce sawfly in the Province. (1) 


Studies undertaken in 1939 on the European spruce sawfly in different 
regions and localities of the Province were continued in 1941. Specimens 
sent to Duchesnay in connection with the Forest Insect Survey were used 
to establish the approximate dates of the cocoon formation in these regions 
or localities. By comparing the dates thus obtained it was possible to 
correlate the influence of the climate on the insect development. 


Approximately 2,000 samples containing a total of more than 40,000 
larvae were used as a basis to determine the date of the cocoon formation 
in the various localities sampled.. The date of the cocoon formation was 
determined by two methods: 


a. Rearing of larvae in the laboratory. The larvae had already com- 
pleted 60% of their development in their original habitat when they reached 
the laboratory; the cocoon formation date observed in the laboratory was 
used to compare the development of the insect in the different regions and 
localities of the Province. 


b. Stage of the larvae in the samples. Upon reception of the samples 
at the laboratory, all the larvae were classified according to their developing 
stage. It was possible, therefore, to determine the average degree of develop- 
ment of the insects at the date of sampling. It was possible afterwards to 
calculate the probable date of the cocoon formation by adding to the figures 
previously obtained, the percentage of development which remains to be 
done by the sawfly. The figures obtained permit to compare the develop- 
ment of the European spruce sawfly in the whole Province. 


The figures obtained by both methods were averaged and used for 
further calculations. The following conclusions can be drawn from an 
examination of the final figures obtained: The region North of Montreal 
is apparently the most favourable for the development of the sawfly. The 
other regions of the Province can be distributed as follows: Lower 
St. Lawrence, Eastern Townships, St. Maurice, Abitibi-Témiscamingue, 
Laurentides Park, Lake St. John, Gaspé Peninsula and the North Shore. There 
is a difference of 28 days in the date of cocoon formation between two 
extreme regions, namely the north shore and the North of Montreal. 


BIOLOGICAL CONTROL (1) 


A.—Parasite liberation 


Again this year the Entomological Service made liberation of the 
parasites of the European spruce sawfly. With the information obtained 


(1) By GÉRARD PAQUET, B.A., F.E., M.Sc. 


[12] 


through the Forest Insect Survey in connection with the distribution of the 
sawfly in the Province, it was easy to determine the suitable places where to 
liberate the parasites. In 1941, with the help of the forest-rangers of the 
Protection Service, the Entomological Service liberated 38,000,000 Mecro- 
plectron and the Associations 109 millions. This represents a total of 
541,697,000 Microplectron liberated in this Province since 1933. 


Moreover, the Entomological Service has released 622 adults of the 
larval parasite Exenterus, on a total of 892 liberated in 1942 in the Province 
of Quebec. 


B.— Cocoon and larval collections for parasite multiplication 


The Entomological Service has, again this year, supplied the Dominion 
Parasite Laboratory with larvae and cocoons of the European spruce sawfly 
for the multiplication of parasites. From thirty to fifty young men were 
engaged in this work and they collected approximately 290,000 cocoons 
near Lake Blanc, in the Laurentide Park, during the months of September 
and October. All these cocoons were shipped to the Belleville Laboratory 
for the rearing and liberation of nearly 10 million Microplectron in this 
Province in 1942. Meanwhile, 20,000 larvae of the European spruce sawfly 
were gathered for the rearing and propagation of the parasites Exenterus 
and Sturmia. 


C.— Studies on the effectiveness of the parasite Microplectron 


In 1941, the Entomological Service started a large scale research on the 
effectiveness of the parasite Microplectron: During the summer, three 
inspectors of our Service, in co-operation with the fire-rangers of the Protec- 
tion Service and the Protective Associations, visited more than 50 liberation 
points and collected about 25,000 cocoons in the Lower St. Lawrence, 
Gaspé Peninsula, Laurentides Park, and on the North Shore. Areas where 
liberations were made during the previous years, were inspected and cocoon 
samples taken at different distances from the liberation points, to 
determine the percentage of parasitism, the speed and spreading of the 
parasites. 


As the 25,000 cocoons collected contained only 5,500 sound parasites, 
the samplings were not representative enough to permit to calculate the 
importance of the parasite Microplectron as a factor in the control of the 
European spruce sawfly. But, the analysis of the cocoons has proved 
definitely that the parasite can survive and multiply in certain regions, 
namely à la Galette, in the Laurentide Park. This study will be continued 
next year and we hope to obtain definite information regarding the effective- 
ness of the parasite Microplectron for the control of European spruce sawfly. 
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PUBLICITY AND INFORMATION 


In 1941, the Entomological Service has tried to stimulate the interest 
of its collaborators and the public in general in the fight against forest 
insects. 


At the beginning of the summer, seventeen meetings were organized 
which were attended by approximately 300 fire-rangers and inspectors 
belonging to the Protection Service and the Protective Associations. The 
lectures were illustrated with films showing the work done at our laboratory 
and the methods used in the field for the control of the European spruce 
sawfly. | 


During three months, six inspectors of the Entomological Service 
visited the fire-rangers of the Protection Service and the Protective Asso- 
ciations to inform them how they can co-operate with the entomologists in 
the control of forest insects. 


Copies of instructions, formulae, and of our Bulletin No. 10: “Les 
insectes forestiers du Québec en 1940”, were distributed to approximately 
650 inspectors and fire-rangers. 


More than forty investigations were made in reply to special inquiries 
addressed to the Entomological Service. Information was also given con- 
cerning the identification of miscellaneous injurious insects together with 
the best methods for their control. 


At last, we are glad to say that, during the year, the Entomological 
Service has published two new publications. Up to the 31st of March, 1942, 
the following publications have been distributed by the Entomological 
Service: 


PUBLICATIONS OF THE ENTOMOLOGICAL SERVICE 


Contributions Nos. 
1.— Notes sur Phyllotoma nemorata Fallen. Bul. 1, 8 pages, octobre 1937, A.-R. GOBEIL. 


2.—Dommages causés aux foréts de la Gaspésie par les insectes. Bul. 2, 13 pages, 
octobre 1943, A.-R. GOBEIL. | 


3.—Les insectes forestiers du Québec en 1938. Bul. 3, 48 pages, janvier 1939, 
A.-R. GOBEIL. 


4.—Les insectes forestiers du Québec en 1939. Bul. 4, 38 pages, mars 1940, 
R. LAMBERT et M.-E. GENEST. 


5.—Les Autographes de l'épinette en Québec. Le Naturaliste Canadien, Vol. 68, 
(1): 26-29, 1941, R. LAMBERT. 


6.— The Classification of Forest Insect Injury. Ann. Rep. Ent. Soc. Ontario, 88-92, 
1939, A.-R. GOBEIL. 
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7.—Serait-ce la fin de la mouche à scie européenne de l'épinette? La Forêt Québecoise, 
Vol. II, (10): 18-20, 1940, A.-R. GOBEIL. 


8.—Une nouvelle diète pour le Dermeste du Lard. La Forêt Québecoise, Vol. III, 
(1): 29-34, 1941, G-A TESSIER. 


9.—Dendroctonus piceaperda Hopk: A detrimental or beneficial Insect? Journal of 
Forestry, Vol. 38, (7): 632-640, 1941, A.-R. GoBEIL. 


10.—Les insectes forestiers du Québec en 1940. La Forêt Québecoise, Vol III, (2): 
29-41; (3): 29-45, 1941, R. LAMBERT. 


11.—La diapause chez les Tenthrédes. Cam. Jr. Research, Vol. 19, (D): 363-416, 1941, 
A.-R. GOBEIL. 

12.—Troisiéme rapport annuel sur l'entomologie forestiére. Service d'Entomologie, 
Min. Terres et Forêts, Qué., 12 pages, 1941, A.-R. GoBEIL. (Editions française 
et anglaise.) 


13.—L'utilité des places d'études permanentes en entomologie. Le  Naturaliste 
Canadien, Vol. 68, (12): 261-271, 1941, M.-E. GENEST. 


14.—Quatriéme rapport annuel sur l'entomologie forestiére. Service d'Entomologie, 
Min. Terres et Forêts, Qué., 14 pages, 1942, A.-R. GoBEIL. (Editions française 
et anglaise.) 
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POPULATION STUDIES OF THE EUROPEAN 
SPRUCE SAWFLY 
(Gilpinia hercyniae Htg.) 
IN QUEBEC 
By R. MARTINEAU, F.E., M.Sc 


Entomological Service, Dept. of Lands and Forests, Quebec. 
INTRODUCTION 


living in the ground has been employed mainly by zoologists working 

with small vertebrates that complete their life histories within restricted 
areas. In entomology, the investigations carried out by Iljinski (1936) on 
the larval population of Dendrolinus pini L. seem to be the only case in which 
the large sample plot was used as a method of ground sampling. He first 
chose a typical area within which the trees were connected by strips one 
half meter wide. These strips, varying in length from one to 26 meters, 
were then subdivided into one-meter units and the insects were collected 
within the subdivisions. Three test plots containing 63 strips laid out between 
61 trees were examined. It can be seen that the area was rather large as 
compared with the square foot or the square meter sample areas used by 
most of the soil investigators. 


T large sample plot as a method of investigating animal populations 


Although Iljinski’s method seems quite appropriate for population studies, 
very few entomologists have employed it in the analysis of insect populations, 
probably on account of the great number of workers required. The Quebec 
Entomological Service had an opportunity to use this method three years ago, 
when a project involving the collection of European spruce sawfly cocoons 
(Gilpinia hercyniae Htg.) for parasite breeding was initiated in the Gaspe 
Peninsula. À series of ecological studies was made at the same time to 
determine the influence of environment on this sawfly in the cocoon. Ad- 
vantage was taken of such large sample units also to check various small 
sampling methods, which will be treated in detail in a forthcoming paper. 


The work was started on the south side of Lake Ste. Anne, Gaspe Pen- 
insula, in July, 1938. In two months, approximately 380,000 cocoons were 
collected and two sample plots each of 2,500 square feet were investigated. 
During the two following summer seasons the work was continued in the 
Matapedia Valley region which was also infested by the insect. In 1939, 
1,600,000 cocoons were sent to the Dominion Laboratory at Belleville for 
parasite rearing, and a total of 3,270 square feet of surface humus was 
studied at Ruisseau Creux and Albertville. The summer of 1940 was 
spent at Ste. Florence where the collection came up to 2,000,000 cocoons 
and where the quantitative studies covered an area of 1,800 square feet. 


(1) Contribution No. 19. Entomological Service, Dept. Lands and Forests, Quebec, Canada. 
This paper was submitted in partial fulfillment of the requirements for the Degree of 
Master of Science in Entomology in the Graduate School of The University of Illinois. 
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I. PROCEDURE 


ESTABLISHMENT OF THE PLOT 
1. Location 


Since the project involved quantitative studies and thus necessitated large 
numbers of individuals, the abundance of the sawfly was the principal factor 
in determining the selection of the region. For this reason the Gaspe Pen- 
insula seemed an ideal place to undertake the work. In fact, that region 
was the only place in Quebec, except for scattered stands west of the Mata- 
pedia, where mortality had been caused by the spruce sawfly (Balch, 1939). 
The two types of stands studied in this region were black spruce and mixed 
spruce. 

Because the spruce sawfly shows a preference for white spruce, it was 
found important to include white spruce stands in our study. For this reason 
the Matapedia Valley region, southwest of the Gaspe Peninsula and adjacent 
to it, was chosen for the second year of the project. Dead trees were not 
as numerous as in the Gaspe region, yet in many stands there had been 
some mortality. A. study of black spruce type was first repeated at Ruisseau 
Creux in 1939, and the white spruce type was investigated at Albertville the 
same year and at Ste. Florence in 1940. 


Within the limits of these stands, due attention was given to the choice - 
of the plot so that it could be located on an area typical of the local infestation. 
This was done by making a general survey across the forest stand previous 
to the establishment of the plot. 


2. Delineation 


The size of the plot was dependent upon the number of men and the 
amount of time available, but the nature of the stand was also a factor of 
great importance. As far as possible the plots were made rectangular and 
their boundaries marked by strings stretched between corner posts. Data 
were also taken on an area 10 feet wide surrounding the plot to furnish 
further details upon the nature of the habitat. 


To estimate the proportion of the area covered by each species of plants 
and to obtain information on the effects of such factors as depth of humus 
and ground cover, the plots were divided into subplots. These were at 
first irregular in form, so as to include in each of them only trees of one 
species. But as some doubts were expressed later concerning the desirability 
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of this irregular type the last sample plots investigated in 1940 were divided 
into subplots of uniform size and shape with no regard to position or species 
of trees. A map was prepared for each plot showing boundary lines, subplot 
divisions, position of trees and in some cases crown projections. 


3. General observations 
(a) Topographical notes 


The first essential requirement consisted in determining the location of 
the plot. Notes were also taken on the altitude, the slope, the exposure of 
the area studied, and on all important ecological facts: concerning the sur- 
roundings. 


(b) Botanical notes 


The depth of the humus layer was first determined. The method con- 
sisted in forcing a measuring stick through the litter down to mineral soil. 
Many tests were made in each subplot, the number depending upon its size, 
and the mean of these measurements was recorded. 


Each plant was identified to genus when not to species and its abundance 
had to be recorded separately for each subplot. Four main divisions were 
made, namely, mosses, herbaceous plants, seedlings and trees. The abundance 
of the mosses was obtained by estimating the percentage of area covered 
by each species, the presence of only one or two individuals being indicated 
by the sign +. The estimation of the abundance of herbaceous plants in- 
volved the use of a standard established as follows: “very abundant", "abund- 
ant", "rare" and "very rare". The seedlings usually known as constituting 
the reproduction were individually counted. 


Studies on trees necessitated more intensive work. The diameters at 
breast height (D.B.H.) were taken with a pair of calipers, and the heights 
of the trees and of the crowns with a hypsometer. The crown radius was 
also taken in plots II, IV and V in order that the crown projections might 
be drawn on the map. Growth studies were made with an increment borer. 


(c) Entomological notes 


The entomological data fall under three main headings: defoliation, larval 
population and cocoon population. It is well known that the European 
spruce sawfly shows preference for the old foliage (Balch, 1939). Accord- 
ingly the approximate percentage of defoliation for the old and new foliage 
was registered separately. These observations were generally made at the 
end of the summer. Defoliation was first estimated in classes of 10 per 
cent but it was found later that for practical purposes and the sake of clear- 
ness the four following classes would be sufficient (Gobeil, 1940): light 
(0-25%), moderate (25-50%), medium (50-75%), heavy (75-100%). 


The larval population was obtained by the well known method of spread- 
ing a canvas beneath the tree, then jarring the tree vigorously with an axe 
and counting the larvae. This method, however, had a very great disadvantage 
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in our case, due to the fact that small trees which could be jarred effectively 
were not always easy of access. Consequently the data obtained were not 
always representative of the true population. 


The most important phase of our work was the study of the cocoon 
population in the soil. All the cocoons were collected from the litter down to 
mineral soil in the entire sample plot and the population recorded (Fig. I). 
Ten per cent of the area was checked and the correction factor thus obtained 
was applied to the entire population. | 


Fig. I. Men looking for cocoons in the humus. 


To be able to compare our data, the sampling was made in the same 
months every year. After collection, all the cocoons were carefully ex- 
amined by experienced men for classification into one of the five following 
groups: (1) "sound", ie. cocoons containing living insects; (2) "dead"; (3) 
"chewed"; (4) "emerged", identifed by a smooth circular opening through 
which the sawfly issued; and (5) “parasitized”, which were characterized by 
a relatively small hole in the cocoon. 


II. DESCRIPTION OF THE PLOTS! 


Plot I.—Mature black spruce stand. We started our studies in the Gaspe 
region in a softwood stand on the south side of Lake Ste. Anne at 1,350 
feet above sea-level. Most of this territory is in coniferous forest except the 
highest peaks of the Allegheny mountains which are in tundra. The vege- 
tation is typical of moist habitats. A careful examination of the tree crowns 
revealed a defoliation of 100 per cent on the old foliage and 70 per cent of 
the current growth. 


1. See Table 1. 


Plot II.—Young black spruce stand. A second plot was established in a 
black spruce stand along Ruisseau Creux in the Matapedia Valley where 
climatic conditions are less severe than in the Gaspe region. The area con- 
sists mainly of large table-lands, characterized by steep slopes gullied by 
streams or rivers. The steeper slopes are covered with pure black spruce 
stands, but, in general, black spruce is associated with white spruce and 
balsam fir, stands recently damaged by fire. Wee also found isolated white 
birch stands. 


Plot III.— White spruce pasture stand. This young pasture stand was 
characterized by a thin layer of humus and a scanty herbaceous growth, 
showing that a few years ago the same area was under cultivation. This 
plot was also located in Matapedia county, Matalic township, and climatic 
conditions were quite similar to those of Ruisseau Creux. The topography 
was also quite similar although the slopes were less abrupt. A tremendous 
number of larvae were found per tree and the number of cocoons per square 
foot was the highest found for all the plots. The percentage of sound 
cocoons was also much higher in this plot than in any other. 


Plots IV and V.—Young white spruce stands. Two other stands of white 
spruce were studied on lot 2, Milnikek township in Matapedia county. The 
two stands differed only in density, Plot V being more open. Although located 
in the vicinity of cultivated land, both plots were part of a large forest area . 
presenting the same topography and climate as described for Plot III. The 
average cocoon population per square foot was much higher in all the white 
spruce stands than in the others. 


Plot VI.—Mixed type. 'The last type to be studied was a mixed spruce 
stand located in the vicinity of Plot I. Its altitude was about 300 feet higher 
than Plot I, and the remarks given for same on topography and climate 
apply to Plot VI as well. Defoliation was very pronounced although only 
37 cocoons were found per square foot. This is due to the fact that only 35 
per cent of the trees were spruce. 


III. FACTORS AFFECTING THE POPULATION 


The determination of the influence of various environmental factors af- 
fecting the population of the spruce sawfly was arrived at by comparing 
the entomological data obtained for the various habitats studied. The per 
centages of emergence and mortality used for comparison were calculated by 
the following formulae: 


100 X (emerged cocoons) 
sound + emerged cocoons. 


100 X (dead cocoons) 
dead + sound + emerged cocoons. 


Percentage of emergence — 


Percentage of mortality 


The other percentages were calculated out of the whole population. Per- 
centages thus obtained cannot be considered as representing the emergence 
or mortality of a particular year because they are based on cocoons accumu- 
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TABLE 1. SUMMARY OF THE GENERAL 


Herb & Shrub 
Stratum 


Characteristic 


species 


Sphagnum, 


Tree 


Characteristic 


species 


Black spruce 


Hylocomium splendens Balsam fir 


Calliergon schreberi 
Vaccinium vitisidaea 
Picea mariana 
Abies balsamea 


Calliergon schreberi 

Hypnum crista 
castrensis 

Picea mariana 

Abies balsamea 


Calliergon schreberi 
Cornus canadensis 
Picea canadensis 
Abies balsamea 


Calliergon schreberi 
Mitella nuda 
Rubus flagellaris 
Abies balsamea 
Pyrus communis 


Calliergon schreberi 
Cornus canadensis 
Aralia nudicaulis 
Pyrus communis 


Hylocomium 
splendens 
Oxalis acetosella 
Cornus canadensis 
Picea mariana 
Abies balsamea 


Black spruce 
Balsam fir 


White spruce 
Red spruce 
Balsam fir 


White spruce 
Black spruce 


White spruce 
Black spruce 


Balsam fir 

White spruce 
Black spruce 
White birch 


No. of Trees 
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CONDITIONS OBSERVED IN EACH PLOT 
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lated from many years. But since it was impossible to separate the cocoons 
according to year and since the same formula was used in all cases, we feel 
that such a procedure stands good for comparison purposes. 


A. EFFECT OF HuMUS AND GROUND COVER. 


1. Emergence 


The percentage of emergence was caleulated for each of the subplots 
which were classified into five groups based on the depth of the humus. The 
data are summarized in Table 2. No record of Plots II and HI appears im 
this table since the depth of humus was about uniform for all the subplots. 


Before interpreting the data it should be stated that the influence of the 
depth of humus will vary according to its moisture content and emergence 
should probably be higher in a moist than in a dry humus. Onm the other 
hand, in the black spruce type, we often have 6 or 7 inches of Sphagnum 
moss and a deep layer of saturated humus where the ground temperature is 
lower than that of the white spruce type. In such a case emergence might be 
sometimes lower on account of temperature. 


TABLE 2. ADULT EMERGENCE IN RELATION TO THE DEPTH OF HUMUS - 


SAMPLE PLOTS 


D I IV | V V] 
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of % of No. of % of No. of % of No. of| % of No. of 
humus emer- sub- emer- sub- emer- sub- emer- sub- 
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From the data given in Table 2 we have the maximum emergence where 
the layer of humus reaches from 4 to 6 inches deep. In each plot except 
number I, the highest percentage of emergence is found in this class. Where 
the layer of humus is less than 4 inches, the evaporation 1s rapid due to a fast 
penetration of the sun's rays and better circulation of air. As a result the 
emergence is lower due probably to a lack of humidity. On the other hand 
where the humus layer reaches more than 6 inches in depth, even if there is 
enough humidity, the temperature, which has a direct bearing upon the de- 
velopment of insects, is probably too low to favor as high emergence as in 
the 4 to 6 inches class. 


The data collected in the black spruce type (Plot I), however, are not in 
conformity with the above statements. Although in this particular case the 
differences between the percentages representing the various classes are not 
statistically significant, the following explanation might be given for this in- 
consistency. In this black spruce habitat the humus was so saturated and 
the ground temperature so low, that even in the 8 and 10 inch classes the 
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conditions were almost the same as in the 4 inch class. For this reason the 
depth of the humus layer did not have such a characteristic influence on 
adult emergence as noted in the other types. 


2. Activities of mammals 


The relation of humus depth to the destruction of cocoons by rodents is 
best illustrated by a comparison of Plots IV (dense stand) and V (open 
stand) which were located on the same lot. The two white spruce stands 
represented by these plots were 40 years old, and were subject to the same 
climatic conditions, being only 200 feet apart. Moreover the population 
found per square foot was approximately the same, that is, 90 cocoons in 
the first case and 100 in the second. 


The main difference was in the density of the stand and consequently in 
the depth of humus which was 6.2 inches deep in the dense stand and 4.5 
inches in the open stand. Other conditions being more or less equal, differ- 
ence in depth of humus possibly accounts for the sharp divergence (Table 3) 
in the action exerted by shrews upon the cocoon population of these two 
plots. 


According to R. M. Anderson (letter of Feb. 18, 1942) the forest 
canopy is a favorite habitat for a number of species of shrews. From obser- 
vations made by Graham (1929) on the larch sawfly, it would appear that 
mice are most effective in places that are not very wet and where the ground 
is covered with moss or loose material through which they can burrow easily. 
Under such conditions mice find an abundance of food and shelter through- 
out the year. On the other hand no tendency was noted on the part of mice 
to concentrate where the sawfly cocoons are most abundant. According to 
Graham then the shelter would be the most important factor affecting activi- 
ties of the rodents. 


TABLE 3. CHEWED COCOONS IN RELATION TO THE DEPTH OF HUMUS 


Plot Depth Total 


Population | % of chewed No. of Hoard Average 
No. of humus population per sa. ft. cocoons hoards content per 
hoard 
IV 6.2 80,908 90 61.1 18 2,040 113 
V 4.5 91,532 102 41.3 8 518 65 


It would appear from the data given above that the shrews are influenced 
by the depth of humus both in the choice of a location for their hoards and in 
their activities. A total of 18 rodent hoards were found within the limits 
of the first plot whereas in the second where the layer of humus was 2 inches 
thinner, although equivalent in area, the litter contained only 8 hoards. This 
relation becomes still more obvious after examination of the hoards’ con- 
tents. The average population found in the first plot was 113 cocoons and 
in the second plot 65 cocoons. 


From the above facts I am inclined to believe that the destruction of 
cocoons by rodents is influenced by the depth of humus. To a certain ex- 
tent the rodents would prefer a deep layer of humus to build their runways. 
Accordingly we should normally expect a larger control by the rodents in 


Ne 


old and dense forest stands since these usually have a deeper layer of litter. 


3. Activities of parasites 


No striking correlation is shown between the depth of humus and the 
percentage of parasitism. However, the latter is so small that it would be 
unwise to make any deduction from our results. For this reason the data are 
not tabulated. 


B. EFFECT OF SUNLIGHT 
1. Emergence 


The relationship of adult emergence to sunlight is illustrated by an ex- 
periment which was made on 10 trees in 1939 and checked on 4 additional 
trees in 1940. This experiment was planned upon the assumption that, the 
surface outside the crown projection being less shaded than the area under 
the crown, the temperature of the soil should gradually increase with dis 
tance from the base of the tree and the emergence be higher. A strip one 
foot wide was laid out, regardless of the side of the tree, from the tree trunk 
to a point generally 2 or 3 feet beyond its crown circumference. The strip 
was then subdivided into one foot units and the cocoons collected within 
the subdivisions were recorded separately. The percentages of emergence 
were then calculated and the data tabulated (Table 4). 


TABLE 4. INFLUENCE OF SUNLIGHT UPON ADULT EMERGENCE, 
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From the results it would appear that sunlight has an influence upon 
adult emergence, which increases with the distance from the trunk. However, 
if we consider only the observed means, the data are not so conclusive. Yet 
it must be emphasized that the observed means were improperly based in 
part on certain values which are abnormally low or high. Accordingly, all 
data which fall outside the range included in twice the standard error, i.e., 
having a probability of less than 5 per cent have been left out for the calcu- 
lation of the corrected mean. In Table 4 those abnormal values are under- 
scored. 


2.. Location of larval population 


Another type of experiment was devised to determine the place on the 
tree where the larvae prefer to feed. The method consisted of dividing the 
area under the crown into 8 equal sections with reference to the cardinal 
points of the compass after which the cocoons were collected and counted by 
sections. 


This sampling was planned upon the assumption that the larva of the 
spruce sawfly, after falling from the tree, does not crawl very far before 
spinning its cocoon. The data obtained support this assumption. Moreover, 
according to Gobeil (1935) 70 per cent of the sixth stage larvae do not go 
farther than one foot from the falling point, while only exceptional indi- 
viduals crawl farther than 2.5 feet. It, therefore, seems quite probable that 
the cocoons found in each section were formed by the larvae that had fallen 
from points in the tree directly above. 


The experiments were carried out on two dominant white spruce trees 
with well-developed crowns. Therefore, if any preference for feeding was 
shown by the larvae it was due not to the tree itself but to some other factor. 
The cocoons were collected within each triangle, of which the equilateral sides 
were 7 feet long, the third side 5.4 feet, and the area 17.4 square feet. A 
record of the cocoons was kept for each of the eight triangles around each 
tree and the percentages of the population corresponding to the north, east, 
south and west sides were then computed. The results are presented in 
Table 5. | 


TABLE 5. INFLUENCE OF SUNLIGHT UPON LOCATION OF LARVAL POPULATION 


usd ان دیع‎ Ls P بط ده‎ AA REA MDC C v E RM 

Tree North East ` South West 

No. Population % Population 96 Population % Population 96 
1 1,104 20.7 1,427 26.7 1,426 26.7 1,389 26.0 
2 803 17.1 1,248 26:2 1,633 34.3 1,069 22.4 
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Total 1,917 18.9 2,675 26.4 3,059 30.2 2,456 24.3 
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Cocoons were most abundant on the south side of the tree, whereas the 
east and west sides harbored approximately equal percentages of the popu 
lation. On the other hand, the north side of the tree shows the lowest per- 
centage. It is generally admitted that this side of a tree does not receive 
as much of the sun's rays as the others. It would, therefore, seem that the 
larvae prefer to feed on that section of the tree which receives more sunlight. 
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TABLE 6. ADULT EMERGENCE AND MORTALITY IN RELATION TO HUMIDITY 

T stand Sound | Emerged Percentage Dead Percentage 

A dala cocoons | cocoons of emergence | cocoons | of mortality 
1) Mature black spruce ..... 12,428 29,622 70.5 | 70.9 3,883 8.5 \ 14 
2) Young black spruce ...... 5,693 15,113 TIS US 4,480 19.6 : 
3) Mixed spruces wer. 12,685 15,624 55.2. 09.2 13,295 32.0 32.0 
4) Young & dense wh. sp. . 8,636 5,040 37.0 | 37,067 73.0 1 
5) Pasture stand of wh. sp. 7,977 13,110 621! 37.8 8,828 25 | 34.8 
6) Young & open wh. sp. .... 49,080 8,175 14.3 | 1,194 2.0 


C. EFFECT or HUMIDITY 


To determine accurately the relation between cocoon population and hu- 
midity of the ground cover and humus over such large plots as those we 
investigated would have involved the use of many expensive instruments. For 
this reason our classification of the various habitats according to the relative 
humidity was only general and based upon an ecological study of the plants 
which occurred in each sample plot. The moss Sphagnum for instance always 
occurs in very moist situations (Grout, 1924). The black spruce is also 
known to develop mostly in damp places. Taking such criteria into consider- 
ation the plots were classified in the following sequence: (1) mature black 
spruce, (2) young black spruce, (3) mixed spruce, (4) young and dense white 
spruce, (5) pasture stand of white spruce, (6) young and open white spruce. 
Percentages of emergence and mortality were computed for each plot and a 
mean calculated for each type of stand. The data obtained are presented in 
Table 6. 


From these data it seems quite evident that the percentage of adult emer- 
gence is dependent largely upon the degree of humidity with the higher per- 
centage occurring in the moister places. Also Balch (1939) noted that moist 
conditions and a warm spring favor a higher percentage of emergence. In 
our observations the emergence was at maximum with 70.9 per cent in the 
black spruce stands which are confined for the most part to swamps and 
undrained places (Morton 1917). 'The mixed white and black spruce 
habitat comes next with 55.2 per cent of adults issued. In the driest situation 
represented by the pure white spruce stands, which generally grow on well 
drained, moist and gravelly soil, the emergence was only 37.8 per cent. 


If we now consider figures on mortality we see that it increases in drier 
habitats. In black spruce stands the mortality is 18 per cent lower than in 
the mixed spruce type. The percentage of mortality of the mixed type is 
also lower by 2.8 per cent than the white spruce type although the latter 
is already abnormally low at 34.8 per cent. This is due to the 2 per cent 
of mortality found for the open white spruce stand. Considering that col 
lection was made before the new crop had been formed, the only explanation 
that could be given for this low percentage was that it might be due to the 
quality of the foliage eaten. Perhaps the larvae acquire more resistance in 
feeding on the young trees. 
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Fig. II. Influence of humidity upon emergence and mortality 


The same data formed the basis for the preparation of the graph shown 
in Fig. I. The two curves illustrate directions which are very significant. 
As a whole, the percentages representing the emergence of the adult increase 
when those standing for mortality are decreasing. 


D. INFLUENCE OF SMALL MAMMALS 


Apparently many species of rodents prey upon the cocoons of ۵ 
hercyniae. The predominant predators are doubtlessly shrews, mice and 
squirrels. According to M. L. Prebble (letter of Feb. 1940), the shrews 
Blarina brevicauda and Sorex cinereus are the most important. Balch (1939) 
found that shrews, mice and squirrels do not apparently take more than one 
half of the cocoons. Our studies in 1938, 1939 and 1940 showed that 60.4 
per cent of the 645,580 cocoons collected within the sample plots were chewed 
by rodents (Table 7). Although based on a large number of cocoons, this 
figure should not be considered as representative of the whole regions investi- 
gated. It applies especially to heavily infested stands such as the ones studied. 


From the data given in Table 7, it is clear that the small mammals are 
valuable agents in the control of the spruce sawfly. As many as 60.4 per 
cent of the larvae that succeeded in spinning cocoons were destroyed by these 
animals. However, the percentage of insects actually eaten is a little lower 
since we are informed that mice open dead and parasitized cocoons also. The 
survival, which includes the sound and emerged cocoons, represents only 27.9 
per cent of the total population. 
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TABLE 7. CLASSIFICATION OF THE COCOONS FOUND IN THE PLOTS 
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d Plot| Sound | Dead | Chewed Emerged |Parasitized | Total 
Q. ! 
HAE. 12,428 3.883 91,043 29.622 1,056 138,032 
II 5,693 4,480 109,050 13,113 200 132,536 
111 ^ 49,080 1,194 55,071 8,175 336 113,856 
Tv 7,977 8,828 49,535 13,110 1,530 80,980 
y 8,636. 37,067 37,809 5,040 2,980 91,532 
VI 12.685 13,295 49,181 15,624 859 91,644 
Total 96,499 68,747 391,689 84,684 6,961 648,580 
Percentäge 14.8 10.6 60.4. 13.1 11 100. 
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The proportion of chewed cocoons may be subdivided into two parts 
according to the place where they were found. A small percentage, 1.e., 
2.9 per cent as presented in Table 8, was located in the shrews' runways 
while the others were scattered all over the plot. In general, animals are said to 
store food either for their subsistance during the unfavourable period of the 
winter or as a reserve for their progeny. In the present instance the first 
hypothesis is improbable because the shrews that we are dealing with are 
active throughout the year and at all hours of the day and night (Hamilton 
1940). Furthermore, the amount of food stored in the runways would not 
have been sufficient for those species of shrews, particularly for Sorex cinereus 
which eats 3.3 times its own weight every twenty-four hours. On that basis, 
a shrew weighing 3.6 grams would eat 11.7 grams of food per day or ap- 
proximately 1,000 grams during the three winter months. Considering that 
50 per cent of the food eaten by shrews is insects (Hamilton 1941) and that 
100 cocoons weigh 6.2 grams, it would have taken 8,500 cocoons to feed 
one shrew during the winter. This is far from the average of 98 cocoons 
found per hoard. 


TABLE 8. CLASSIFICATION OF THE CHEWED COCOONS FOUND IN THE PLOTS 


Chewed Cocoons 


Plot In runways Outside of runways Number 
PN: Total Number 1 Number A 0 Number E: of hoards 
I 49,535 2,040 4.1 47,495 75.9 18 
II 37,809 518 1.4 31.291 98.6 8 
Total 87,344 2,558 2.9 84,786 97.1 26 


It is also doubtful that these cocoons opened by shrews would have served 
for the feeding of the young because the first litter is probably not born in 
Quebec before the beginning of May, when food is usually abundant. The 
explanation given by W. S. Hamilton (letter March 5, 1941) is that the 
cocoons were taken into the runways merely to be eaten at the time. This 
is not what we usually have in mind when we speak of a cache of food. 
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When examined, the contents of all hoards were found to be eaten with the 
exception of one, which remained uneaten probably because the owner lost 
trace of it or died. 


E. INFLUENCE OF PARASITES 


The only manner in which it was possible to check upon the percentage 
of parasitism in our study was by the small hole through which the adult 
parasite emerged from the cocoon. However, the cocoons bearing the char- 
acteristic hole were not the only ones to be parasitized since some of the 
parasites had not yet reached the adult stage when the cocoons were collected 
or had died before they matured. In that case it was impossible to detect 
their presence by the field methods employed. 


The data in Table 7 show that 1.1 per cent of the 645,580 cocoons 
collected within the sample plots were classified as parasitized cocoons. This 
figure is probably too low as an actual percentage on account of the fact 
that no consideration was given to the cocoons accumulated before parasites 
entered the plots. 


IV. GROWTH REDUCTION AND MORTALITY 


The effect of defoliation on the growth of trees has been proven through 
both experiments and field observations. Craighead (1924) mentions that 
an experiment was performed by Hartig on spruce and pine in order to 
check experimentally the effect of defoliation. The results were that an im- 
portant reduction in growth occurred in the same year that the foliage was 
removed. The study made by Craighead himself (1924) on the damage 
caused to balsam fir and spruce by the spruce budworm, (Cacoecia fumiferana 
Clem), is also good proof that defoliation has a deleterious effect upon the 
growth. 


The effects of defoliation were also tested on tamarack, (Larix laricina 
Kock), by Graham (1931). He reports that the reduction in the increment is 
directly proportional to the amount of defoliation. A gradual reduction 
in increment follows a partial defoliation whereas a complete defoliation 
causes a larger increment during the first year, followed by a rapid decrease. 
Practically the same conclusions were reached by Evenden (1940) from his 
study of the effect of defoliation by the pine butterfly (Neophasia manapia 
Fel), upon ponderosa pine (Pinus ponderosa Dougl.). The detailed measure- 
ments and the analysis of the increment cores showed that a reduction in 
growth follows defoliation. In addition, the defoliation by the pine butterfly 
caused the death of 26 per cent of the matured trees. 


The series of increment cores taken from the trees in all of our sample 
plots furnished ample opportunity for checking whether any noticeable reduc- 
tion in the growth of the trees has been effected by this insect. The annual 
rings were measured to the hundredth of an inch by means of a ruler and 
a lens. The measurements on the growth were taken for the 15 years prior 
to the year of study and a reading was taken for the increase in diameter 
made during the last 3, 6, 10 and 15 years. The data obtained were used 
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to compute the mean rate of growth for each plot and for each crown 
class separately, that is, for the dominants, the co-dominants and the inter- 
mediates. In the case of Plots I and II even the trees which were in the area 
encircling the plot were used in our calculations. 


Plot I. Mature black spruce 


It has been known for many years that the spruce trees suffered much 
damage along the Cascapedia River and along the upper waters which in- 
clude Lake Ste. Anne. This was verified through the study of Plot I in 
which the annual rate of growth was found to have been reduced for the 
majority of the trees since 1930. The data have been plotted in a graph 
which is presented in Fig. III. 
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Fig. III. Rate of growth of the spruce in Plot I. (Black spruce stand) 


It will be observed that the general direction of the curves changes in 
1930, which corresponds to the year in which the insect was found to have 
caused noticeable defoliation in the interior of the Gaspe Peninsula. The re- 
duction in growth, however, is not as apparent as it is in the other plots 
because we are dealing with trees 120 years old yet averaging only 5.3 inches 
in diameter. Even so, a decrease in the rate of growth is observable. How- 
ever, this damage cannot be attributed only to the spruce sawfly since the 
presence of a bark beetle, Dendroctonus piceaperda Hopk., was recorded in 
this sample plot. This beetle contributed at least partially to the damage 
caused to the trees and to the mortality which averaged 3.8 per cent. 


Plot II. Young black spruce stand 


The growth of the black spruce stands suffered more severely at Ruisseau 
Creux in the Matapedia Valley Region than at Lake Ste. Anne. This may 
be verifed from Fig. IV. The decrease is quite evident in this case. If we 
consider the curves of the particular crown classes separately, we find that 
the co-dominant class is most affected. In fact the curve by which this class 
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is represented drops down in 1931, while the other classes show an increase 
until 1934. This increase is comparable to that in observations mentioned 
previously herein by Graham (1931) on tamarack and Craighead (1924) on 
balsam fir. 
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Fig. IV. Rate of growth of the spruce in Plot II. (Black spruce stand) 


The curves representing the annual rate of growth for the dominants and 
intermediates show a reduction only in 1935 but the drop is much more 
important than that for the co-dominants. 


Plot III. White spruce pasture stand 

Growth studies in this sample plot were undertaken with a little hesitation 
because the trees were very young. Knowing that the annual growth in 
diameter 1s greater during the first years than when the tree becomes older, 
a decrease in the diameter growth might have been due to advancing age 
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Fig. V. Rate of growth of the spruce in Plot III. (White spruce stand). 
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rather than to feeding of the sawfly. Nevertheless, the computations were 
made. | 


Figure V shows a decrease in growth throughout the last 13 years. How- 
ever, it will be observed that the general direction of the curve changes 
slightly and that the slope is accentuated in 1935. This change is due to 
the interference of some external factor, probably the spruce sawfly. Yet 
the influence of this agent was not great enough to cause any mortality. 


Plot IV. Young dense white spruce stand 


The effect of defoliation upon white spruce is also illustrated by the data 
collected from the older spruce forest stand studied in plot IV. Figure VI, 
which shows these data graphically, indicated that the rate of growth was 
quite regular prior to 1932, and that the curve representing each of the dif- 
ferent crown classes drops during the subsequent period down to 1940. In 
this case the dominant trees suffered the most evident damage. The co- 
dominant and the intermediate trees, although not greatly affected, likewise 
suffered a decline in their rate of growth. Despite the fact that the infes- 
tation was very heavy, no mortality has occurred to date. 
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Fig. VI. Rate of growth of the spruce in Plot IV. (White spruce stand) 


Plot V. Young open white spruce stand 


This plot furnished another good example of the effect of defoliation upon 
white spruce. The comments made above for the trees of Plot IV might 
be repeated for Plot V so far as growth reduction is concerned. However, 
it will be observed further in Fig. VII, that the main slope of the curves 
occurs between 1932 and 1936. Thereafter the curves tend to take a rather 
horizontal direction. This probably indicates that the spruce sawflies were 
very abundant during that period and very rapidly completed the defoliation 
of the trees. Thus 3 or 7 years of attack was sufficient in the open stand 
(Plot V) to produce approximately the reduction in growth resulting during 
7 or 8 years in the dense stand (Plot IV). Here again no evidence of mor- 
tality was observed. | 
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Fig. VII. Rate of growth of the spruce in Plot V. (White spruce stand) 


Plot VI. Mixed type 


The study of growth in the mixed forest stand investigated at Lake Ste. 
Anne gave different results from those obtained for the black spruce stand 
studied in the same locality. The reduction in growth is more striking than in 
Plot I, probably because the stand was composed of both black and white 
spruce, the growth of the latter being more affected by the insect. The 
curves given in Fig. VIII, show a normal increase in diameter from 1926 
to 1931. But from the latter date until 1938 the curves illustrate a marked 
decrease which is most evident on the dominant trees. Moreover, 4 white 
and one black spruces out of a total of 28 were dead, giving a percentage of 
mortality of 17.9. In Plot I only 3.8 per cent of the black spruce trees 
were dead. 
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Fig. VIII. Rate of growth of the spruce in Plot VI. (Mixed stand) 
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On the whole, a general reduction in the growth of the spruce trees 
probably due to the spruce sawfly infestation was found in all the sample 
plots studied and this decrease seems more important in the case of the dom- 
inant trees than for the other classes. The reduction was noticeable around 
1930 in the Gaspe Region where many trees were actually killed. In the 
Matapedia Valley Region the decrease became apparent only in 1932. 


SUMMARY AND CONCLUSIONS 


Population studies of the spruce sawfly, (Gilpimia hercyniae Htg.), were 
performed in various types of stands found in the Gaspe Peninsula and 
Matapedia Valley regions of the Province of Quebec. The object of 
this work was to correlate the abundance of this insect with the ecological 
factors of the spruce habitat. The principal conclusions which were derived 
follow: 


1. Emergence of the adult from the cocoon is affected by the thickness 
of the humus layer. Apparently a layer of humus of 4 to 6 inches deep 
would be ideal for maximum emergence. It is also generally true that the 
deeper the humus the more important is the control by the rodent predators 
upon the cocoons. 


2. Sunlight favors the emergence of the adult from the cocoon. It also 
infuences the larvae in that they prefer feeding in sunny places like the 
east, south and west sides of a tree rather than the north. 


3. Humidity of the humus was shown to increase adult emergence and 
reduce mortality. 


4. Mice, shrews and squirrels constitute very important natural agencies 
in the control of the spruce sawfly. In our studies 60.4 per cent of the 
645,580 cocoons found within the limits of the plots were chewed by these 
predators. 


5. To date the parasites have been a much less important control factor 
than the rodents. 


6. As a result of the defoliation by the spruce sawfly, a marked decline 
in the rate of growth of the spruce has been noticed during the last decade. 
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BIOCLIMATIC STUDY OF THE EUROPEAN SPRUCE 
SAWFLY IN QUEBEC? 


Gérard PAQUET 


INTRODUCTION 


This study of insect development in relation to climatic 
conditions aims to compare the relative degree of suitability of 
several areas of the Province of Quebec, Canada, for the develop- 
ment of the European spruce sawfly, Gilpinia hercyniae (Htg.). 
Larval samples of this insect were used to ascertain the date of 
cocoon formation in various regions and localities, as an index of 
their developmental tendency. 

The problem of comparing the time of occurrence of seasonal 
events in various areas has received rather scanty attention from 
phenologists. Most investigations deal with a correlation between 
the life history of animals and the seasonal course of the weather. 
This bioclimatic method of seasonal forecasting was originally sug- 
gested by the theory of a thermal constant for development, which 
states that the time necessary for the completion of a stage of 
development depends on the accumulation of a definite amount of 
heat energy, called thermal constant and expressed by the sum of 
effective degrees of temperature (Shelford, 1927, 1929). This was 
the basis for Merriam’s Temperature Laws and numerous other 
attempts to explain bioclimatic variations. Such a method neces- 
sitates a series of elaborate observations for each species, if accurate 
results are expected. 

Hopkins (1938) has formulated an empirical law, known as 
Hopkins’ Bioclimatic Law, which makes possible to calculate from 
known conditions in one locality when similar phenomena will 
occur in another area. It asserts that, “other conditions being equal, 
the variation in the time of occurrence of any periodic biological 
phenomenon, in temperate North America, is at the average rate 
of four days to each degree of latitude northward, five degrees of 
longitude eastward or four hundred feet of altitude upward, later 
in spring and early summer, and earlier in late summer and fall”. 


1 Contribution No. 20. Entomological Service, Dept. Lands and Forests, 
Quebec, Canada. 

After a thesis submitted to the Graduate School of the University of 
Illinois in partial fulfillment of the requirements for the degree of Master of 
Science in Entomology. 
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This law is very broad and its satisfactory application often requires 
the use of correction factors. 

Without correlation to the weather data or the geographical 
coordinates, the method described in this paper permits the use of 
larval samples of the sawfly for determining the average date of 
formation of its cocoon in a network of regions and localities, as 
influenced by the climate of these areas. The difference between 
these dates makes possible to compare the relative suitability of 
such areas for the development of that insect. 

The material collected for this project was obtained through 
the Forest Insect Survey conducted by the Entomological Service 
of the Quebec Department of Lands and Forests. Sincere thanks 
are due to Dr. A. R. Gobeil, former director of this Service, for his 
valuable suggestions throughout the course of the investigation. 
The work was done under the supervision of Dr. W. V. Balduf, of 
the Department of Entomology, University of Illinois, to whom the 
author is deeply indebted. 


MATERIAL AND METHODS 
The Insect 

The European spruce sawfly, Gilpinia hercyniae (Htg.), for- 
merly known as Diprion polytonum Htg., was discovered in Gas- 
pesia in 1930. It has since expanded its distribution so widely that 
it now covers some 150,000 square miles in Quebec. Stands of 
spruce are partially defoliated by the larva of this sawfly in all 
areas except a recently invaded narrow strip extending from Lake 
Chibougamau to the Gatineau River, thence westward to Pontiac 
and Temiscaming counties (Lambert, 1941, Lambert and Genest, 
1940). 

Balch (1936, 1939), Dowden (1939), Gobeil (1938), Pierson 
(1937) and Reeks (1937) have given detailed accounts of the life 
history and bionomies of this insect, which overwinters as a larva 
in a silken cocoon. It pupates in spring and the adult emerges in 
early summer. The eggs are laid in the spruce needles and the 
hatching larvae pass through six developmental instars before spin- 
ning their cocoon in late summer. 


The Territory. 

The territory covered by this investigation is included between 
the sixty-fourth and eightieth degrees of longitude West and the 
forty-fifth and fifty-first degrees of latitude North. It embraces 
most of the southern, accessible and inhabited part of the province 
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of Quebec (Fig. 1). These 150,000 square miles of area are char- 
acterized by a varied topography with a general tendency to be 
hilly. In order to facilitate the working out of the problem and to 
secure more specific data, this area was divided into a network of 
numbered zones delimited by the lines of degrees and half degrees 
of longitude and latitude. In each zone, the most typical locality 
was selected for depicting the development tendency of the sur- 
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F1G. 1. Zones and regions of the province of Quebec, Canada. 


rounding area. These zones were combined into ten different 
regions recognized as major physiographical units of the Province. 
The single sample received from the Gatineau region made neces- 
sary to disregard this area in the présent investigation. 


Field Work 

Over 1,500 larval samples of the European spruce sawfly, in- 
cluding almost 75,000 larvae, were collected in the course of the 
Forest Insect Survey in 1939. More than 600 forest rangers con- 
tributed to this work, making collections from early June to mid- 
September. Whenever possible, each collector took two samples a 
month, one about the first and the other about the fifteenth. All 
samples were collected by jarring small spruce trees with heavy 
blows of an axe and picking up the larvae which fell on a cotton 
sheet, ten by ten feet square, placed beneath the tree. The sampling 
was also made uniform by taking collections on trees of three to 
four inches in diameter. The larvae were put with some spruce 
boughs in a box furnished to the collector and sent to the Duchesnay 
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laboratory (Figs. 1 and 4) with the information concerning the 
date, locality, host tree, etc. Samples were taken on white spruce, 
Picea glauca Voss, black spruce, Picea mariana (Mill) B. S. P., 
and red spruce, Picea rubra Link. 


Laboratory Work. 

Upon their arrival at the laboratory, the larvae of each sample 
were identified and the number of individuals per instar was 
recorded with the date of reception, thereafter considered as the 
date of sampling. The larvae were then reared on spruce foliage 
until the cocoons were formed. Although the rearing was done 
indoors in the insectary, the environmental conditions were made 
very much like those prevailing out-of-doors by keeping the 
numerous windows opened throughout the summer. Formation of 
cocoons was daily recorded. 


Methods of calculation 

Two methods were used to ascertain the average date of 
cocoon formation in the various regions and localities. The rearing 
of the larval samples in the insectary made possible to determine 
an observed date of cocoon formation for each area of sampling. 
On the other hand, the instars of the larval samples at the time of 
colleetion provided another approach to calculate an estimated 
date of cocoon formation for the same spots. 

It must be pointed out that the occurrence of a second genera- 
tion of the sawfly complicates the problem of computing the degree 
of suitability of areas for the development of that insect. But, 
various investigators have always reported this second generation 
as very small all over this territory, and the summer emergence of 
only 4.2 per cent of the 20,000 cocoons dealt with in this investiga- 
tion, seems to corroborate this finding. Because of the slight im- 
portance of this second generation, and of the impossibility of 
eliminating its individuals from the sampling, these were counted 
with the larvae of the first generation and have been used in the 
calculation of the date of cocoon formation. 


CALCULATION OF THE OBSERVED DATE OF COCOON FORMATION 


The rearing of the larval samples at the Duchesnay laboratory 
provided an observed date of cocoon formation for the various areas 
of sampling. Of the 1,500 larval samples reared in the insectary, 
1,100 samples yielded over 20,000 cocoons. For each sample, a mean 
date of cocoon formation was computed by calculating a weighted 
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average of all the dates of cocoon formation. By counting an 
average of these mean dates for the samples from each region and 
locality, an observed date of cocoon formation was secured for the 
whole investigated area. This observed date of cocoon formation is 
given per region in table 1 with the number of samples upon which 
it is weighted and the range in days between the nine regions. 


TABLE 1 
OBSERVED DATE OF COCOON FORMATION PER REGION 


Region Number of Observed date of Range in 
samples cocoon formation days 
Eastern Townships 85 8/12.6 0.0 
Lower St. Lawrence 73 8/15.5 2.9 
Northern Montreal 34 8/15.9 9.9 
St. Maurice 182 8/17.3 4.7 
Abitibi-Temiscaming 44 8/17.8 5.2 
Gaspesia 300 8/19.3 6.7 
Lake St. John 103 8/19.8 2 
Laurentide Park 119 8/19.8 2 
North Shore 160 8/25.5 12.9 
Total area 1,100 8/19.0 12.9 


These observed dates of cocoon formation provide a fair picture 
of the comparative tendency of areas for the sawfly development. 
Involving all the cocoons formed in the insectary, these dates do not 
give much weight to extreme frequencies, but rather deal with 
individuals taken from the normal trend of the population. On 
the other hand, the technique of rearing larval samples in a central 
laboratory cannot accurately indicate the date of cocoon formation 
in the various areas from which they originate. But, since the 
larvae had undergone more than sixty per cent (Table 5) of their 
development in their respective areas of origin, and because the 
time of appearance of the larvae in the field largely influences the 
date of cocoon formation in the laboratory, the relatively brief 
period spent in the insectary cannot offset the influence of the 
original habitat to. such an extent as to prevent the comparison of 
areas with reference to their relative suitability for the sawfly 
development. The levelling effect of the laboratory rearing cannot 
obscure the differences resulting from the date of appearance of the 
larvae in the field and the percentage of larval period spent in 
forest. The dates of cocoon formation observed in the laboratory 
therefore provide a fair approximation of the time of occurrence of 
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that phenomenon in the field and a valuable index of the com- 
parative suitability of the various regions and localities for the 
development of the European spruce sawfly. 


CALCULATION OF THE ESTIMATED DATE OF COCOON FORMATION 


The number of individuals per instar in the larval samples 
afforded another criterium for calculating an estimated date of 
cocoon formation of the sawfly for the various areas of sampling. 
The analysis of the samples and the distribution of the larvae into 
their six instars provided a valuable index of the progress towards 
the completion of the larval period in the areas of sampling at 
the time of collection. By means of the instars, the percentage of 
development undergone by the larvae was computed and the number 
of days required by the sawfly for completing its larval period was 
ascertained. By adding this number of days to the date of collection, 
an estimated date of cocoon formation was figured for the various 
regions and localities of the investigated area. 

As shown in table 2, a total of 1,354 samples including 66,209 
larvae, were analyzed. The larvae of each sample were identified 
and the instars recorded with the date of collection and the area 
of sampling. 

TABLE 2 
ANALYSIS OF THE SAMPLES PER REGION 


Number of Number of larvae per instar 
Region 
samples| larvae 


Gaspesia 350, 37,832| 227| 1,288 | 4,011 | 10,840| 19,903 | 1,618 
Lower St. Lawrence 91| 6,780 26 1,830| 3,558 
Eastern Townships 3,769 13 1,166| 1,920 
Northern Montreal 65 
Abitibi-Temiscaming 1791 

St. Maurice 

Laurentide Park 

Lake St. John 

North Shore 


Total area 66,209| 332|2,033|7,091| 18,598| 35,516 | 2,639 


Percentage of development 

The data for six instars, if analyzed and treated separately, 
form an unwieldy bulk which prevents the comparisons between 
the samples and the areas characterized by the sampling. An 
average ought to be calculated for depicting the central tendency 
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of the samples. For this reason, and because comparisons are made 
easier with such absolute units as percentages, a value was 
ascribed to each instar representing the percentage of development 
undergone by the larvae at the time of collection. The mean of these 
percentages of the larval period, weighted upon the number of 
individuals per instar, provided a typical figure of the samples, 
indicating the percentage of development completed by the larval 
population of the area of sampling at the time of collection. 

The rearing of the sawfly larvae under natural conditions over 
a period of years in each region and locality was the only reliable 
method of securing the relative length of the instars or the per- 
centage of development undergone during each instar. Owing to 
meager field data, it was impossible to apply this method for the 
calculation of the relative length of the instars in the various 
regions and localities, and the same percentages of development per 
instar were used for the whole investigated area. These percentages 
of development were determined by means of experiments on the 
larval period of the sawfly at a constant temperature and under 
outdoor conditions. Sawfly larvae were individually reared on 
spruce foliage and the dates of moulting daily recorded. The in- 
cubator experiment was conducted at a constant temperature of 
75 degrees Farenheit and a constant relative humidity of 58 per 
cent, whereas the outdoor conditions were obtained by rearing 
the insect in July and August 1940 at the Duchesnay laboratory, 
the temperature and relative humidity of which were practically 
the same as those recorded under forest conditions in the vicinity 
of the insectary. The two sets of results obtained were averaged 
as shown in table 3. These average figures were used to indicate 
the percentage of development undergone during each instar all 
over the area under consideration. 


TABLE 3 
RELATIVE LENGTH OF INSTARS IN PERCENTAGE 


Percentage of development 


Instar 


75°F. & 58% RH. Insectary Average 
I 10.6 11.4 e 11.0 
II 12.6 12.6 12.6 
III 12.6 13.0 12.8 
IV 19.3 17.5 18.4 
V 39.6 40.4 40.0 
VI 5.3 5.1 5.2 
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The cumulative amount of development undergone by the larvae 
after each instar is shown in table 4, column 4. When a sample was 
received at the laboratory, no larva had completed the instar in 
which it was recorded. It was therefore assumed that, at the time 
of sampling, the insect was at the midpoint of its instars. Ac- 
cordingly the cumulative percentages of development, given in 
table 4, column 5, were used in this investigation to compute the 
percentage of development completed by the sawfly at the time of 
collection. 


TABLE 4 
PERCENTAGE OF DEVELOPMENT PER INSTAR 


Percentage of development 


Instar 


During Mi Cumulative Cumulative at 
instar i after instar time of sampling 


By computing an average of these percentages of development, 
weighted upon the number of larvae per instar in the samples, the 
percentage of development undergone by the sawfly at the average 
date of collection was ascertained for the various regions and 
localities. These figures are given per region in table 5. The 
amount of development completed by the larvae being expressed 


TABLE5 
PERCENTAGE OF DEVELOPMENT AND AVERAGE DATE OF COLLECTION PER REGION 


Region Average date Percentage of 
of collection development 


Gaspesia 8/8.7 60.36 

Lower St. Lawrence 8/1.1 60.66 
Eastern Townships 8/1.6 58.51 
Northern Montreal 8/8.5 83.43 


Abitibi-Temiscaming 8/6.0 63.36 
St. Maurice 8/5.8 60.31 
Laurentide Park 8/10.4 59.46 
Lake St. John 8/2.6 59.07 

North Shore 8/15.3 64.63 


Total area 8/7.4 60.59 
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in absolute units, that is in percentages, a comparison can be made 
between all the samples collected at the same date in any region 
and locality of the area under consideration. 


Estimated date of cocoon formation 

Each sample now involves two figures, that is the date of 
collection and the percentage of development undergone by the 
sawfly at that time. So, comparisons are made possible only between 
samples collected on the same day. Since the sampling has extended 
over more than three months and because of the importance of using 
all the samples, it was necessary to convert the percentage of 
development to be completed by the insect into the number of days 
required for reaching the cocoon stage. By adding this number 
of days to the average date of collection, the data on the larval 
instars were reduced to a single figure for each area of sampling, 
that is, an estimated date of cocoon formation of the sawfly. 

On account of insufficient field data, it was impossible to 
determine, through quantitative observations, the total length of 
the larval period in the various regions and localities. A duration 
of 44 days, based on rearings conducted in three localities ', was 
accepted as an average for the Province and a correction was made 
for each region according to the difference between the observed 
date of cocoon formation in the respective areas. In making these 
corrections, it must be pointed out that the differences computed 
between the observed date of cocoon formation in the various 
regions, as shown in table 1, are the results of two main groups of 
climatic factors, namely those acting in early summer and re- 
sponsible for the differences in the date of adult emergence, and 
those operating during the larval stage and liable for the variances 
in the rate of development and therefore the duration of the larval 
period. Since the comparative influence of these two groups of 
factors could not be ascertained, the same importance was assigned 
to each of them and the difference between the duration of the 
larval period in the nine regions was determined by counting half 
the difference between the observed date of cocoon formation in 
the respective regions and the average observed date for the 
Province. These differences were added to or substracted from the 
average duration of 44 days for the Province, in order to secure the 
length of the larval stage in the nine regions. (Table 6). 


1 Duchesnay, Parke Reserve and Kelly’s Camp (Figs. 1 and 4). The data 
for the latter two localities were obtained through the courtesy of the Division 
of Entomology, Dept. of Agriculture, Canada. 
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TABLE 6 
CALCULATION OF THE DURATION OF THE LARVAL PERIOD PER REGION 


Region Observed date of 14 difference Duration of 


cocoon formation from average larval period 
Gaspesia 8/19.3 + 0.15 days 44.15 days 
Lower St. Lawrence 8/15.1 SUES OP Rate tes 42.2590 
Eastern Townships 8/12.6 TAR A | N 40.80 * 
Northern Montreal 8/15.9 i IUDA 42 AG 
Abitibi-Temiscaming 8/17.8 E (60 43.40 
St. Maurice 8/17.3 سب‎ 43.1505 
Laurentide Park 8/19.8 + 0.40 “ 44.40 “ 
Lake St. John 8/19.8 + 0.40. * 44.40 “ 
North Shore 8/25.5 + IAS A AT 2 


Total area 8/19.0 0.00 44.00 “ 


Having thus arrived at a theoretical length of the larval stage, 
it became easy to calculate the estimated date of cocoon formation 
in the various regions and localities. Table 7 shows the calculation 
of this estimated date of cocoon formation per region. Using the 
duration of the larval period in each region, the percentage of 
development to be undergone by the sawfly was translated into the 
number of days required for completing its development up to the 
cocoon. By adding these days to the average date of sampling, an 
estimated date of cocoon formation was secured for each area. 


TABLE 7 y 


CALCULATION OF THE ESTIMATED DATE OF COCOON FORMATION PER REGION 


Development to be 


Region Average date ged Estimated Range 
of sampling |. 1 4 nm date of coco in 

percentage days formation days 

Lower St. Lawrence 8/1.1 39.34 16.6 8/1747 0.0 
Eastern Townships 8/1.6 41.49 16.9 8/18.5 0.8 
Lake St. John 8/2.6 40.93 18.2 8/20.8 3.1 
Abitibi-Temiscaming 8/6.0 36.64 15.9 8/21.9 4.2 
St. Maurice 8/5.8 39.69 11,4, 8/22.9 5.2 
Northern Montreal 8/8.5 36.57 15.5 8/24.0 6.3 
Gaspesia 8/8.7 39.64 17.5 8/26.2 8.5 
Laurentide Park 8/10.4 40.54 18.0 8/28.4 10.7 
North Shore 8/15.3 95.97 16.7 9/1.0 14.3 
Total area 8/7.4 39.41 178 8/24.7 14.3 
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These estimated dates of cocoon formation, as computed by 
means of the instars of the larval samples, provide another valuable 
index of the comparative suitability of areas for the sawfly develop- 
ment. Unlike the observed dates of cocoon formation, the larval 
instars have not been subjected to the levelling effect of a labora- 
tory holding period. Having been identified and recorded as soon 
as received, the only unavoidable but very slight disturbance suf- 
fered by the larvae, was a change of habitat during the one or two 
(exceptionally three) days of transportation from the forest to the 
laboratory. Another source of inaccuracy is due to the fact that 
most collectors have overlooked many larvae of the first two 
instars. Indeed, as shown in table 8, while these two instars re- 
present 23.6 per cent of the larval period, only 3.6 per cent of the 
received larvae were recorded in these instars. The comparatively 
long duration of the fifth instar — 40 per cent of the larval 
period — also tends to reduce the gauge value of the instars for 
depicting the development of the sawfly. But these shortcomings 


TABLE 8 
RELATIVE DURATION OF INSTARS AND NUMBER OF LARVAE PER INSTAR 


Percentages 


Duration Number of individuals 


11.0 0.5 


12.6 3.1 
12.8 10.7 
18.4 28.1 
40.0 53.6 

5.2 4.0 


affect the whole sampling to the same extent and do not upset the 
comparison of the regions and localities with respect to their 
relative suitability for the sawfly development. These estimated 
dates of cocoon formation therefore provide a valuable approxima- 
tion of the comparative developmental tendency in the various areas 
and of their relative degree of suitability for the development of 
the European spruce sawfly. 


BIOCLIMATIC RELATIONS OF THE EUROPEAN SPRUCE SAWFLY 


Developmental charts 
The results obtained by means of the two methods used to 
ascertain the date of cocoon formation of the sawfly in the various 
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areas were combined and a mean date of cocoon formation was 
computed for each region and locality by averaging both the 
observed date, as determined by a laboratory rearing of the 
samples, and the estimated date, as calculated by means of the 
instars of the larval samples. These combined figures are shown in 
table 9 for the nine investigated regions, and in table 10 for some 
localities of the Province. 


TABLE 9 
AVERAGE DATE OF COCOON FORMATION PER REGION 


REGION (uou don jr 
Eastern Townships 8/15.5 0.0 
Lower St. Lawrence 8/16.6 1.1 
A bitibi-Temiscaming 8/19.8 4.3 
Northern Montreal 8/19.9 4.4 
St. Maurice 8/20.1 4.6 
Lake St. John 8/20.3 4.8 
Gaspesia A 7:2 
Laurentide Park 8/24.1 8.6 
North Shore 8/28.7 15:2 
Total area 8/21.8 13.2 


The differences counted between the average date of cocoon 
formation in each area were used for the preparation of develop- 
mental charts showing the difference in days between the date of 
cocoon formation in the various regions and localities. Using the 
area characterized by the earliest average date of cocoon formation 
as a basis for comparison, the difference in days between the date 
of occurrence of the phenomenon in each area was computed. 
Developmental charts were thus prepared to indicate the difference 
ascertained between the nine regions (Fig. 2) and some localities 
(Fig. 3) of the Province. The figures secured from these charts 
provide a valuable approximation of the comparative tendency of 
these areas for the development of the European spruce sawfly. 


Bioclimatic map 

The same combined figures obtained by computing for each 
locality an average of both the observed date, as determined by the 
laboratory rearing of the samples, and the estimated date, as 
calculated by means of the instars of the larval samples, were used 
for the preparation of a bioclimatic map of the Province (Fig. 4). 
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TABLE 10 
AVERAGE DATE OF COCOON FORMATION PER LOCALITY 


Locality Zone County Average date of Range 
cocoon formation in days 


Duchesnay 44 Portneuf 8/12.4 0.0 
Powerville 62 Kamouraska 8/12.6 0.2 
Lac Bouchette 124 Roberval 8/13.2 0.8 
St. Magloire 41 Bellechasse 8/13.3 0.9 
Ste. Justine 22 Dorchester 8/14.6 2:2 
Les Etroits 60 Témiscouata 8/14.8 2.4 
St. Ubald 45 Portneuf 8/14.9 2.5 
Rouyn 138 Temiscaming 8/16.0 3.6 
Weedon 10 Wolfe 8/17.3 4.9 
Parke Reserve 85 Kamouraska 8/17.4 5.0 
Grandes Piles 46 Laviolette 8/17.4 5.0 
Villeroy 25 Lotbinière 8/18.2 5.8 
Notre Dame du Lac 84 Témiscouata 8/19.8 7.4 
| La Malbaie 88 Charlevoix 8/19.9 7.5 
St. Gabriel de Brandon 28 Berthier 8/20.1 IT 
Causapseal 113 Matapedia 8/20.2 7.8 
Lac Edouard 92 Quebec 8/20.3 7.9 
Bégin Township 153 Chicoutimi 8/21.2 8.8 
Tadoussac 119 Saguenay 8/21.4 9.0 
| La Galette 89 Charlevoix 8/21.6 9.2 
Gaspe 139 Gaspe 8/21.9 9.5 
Barraute 135 Abitibi 8/22.2 9.8 
Nouvelle 111 Bonaventure 8/22.3 9.9 
St. Côme 29 Joliette 8/22.6 10.2 
Pentecôte 203 Saguenay 8/25.4 13.0 
Lac Jambon 65 Montmorency 8/25.9 13.5 
Windigo 94 Laviolette 8/26.0 13.6 
Cap Chat 174 Gaspe 8/26.6 14.2 
| La Dore 156 Roberval 8/27.6 15.2 
Godbout 176 Saguenay 8/29.2 17.8 
Baie Comeau 1777 Saguenay 9/2.9 22.5 


The average dates were plotted over their respective areas and all 
those included within a certain range were connected together. The 
lines drawn on this map provide a valuable approximation of the 
date of cocoon formation in the respective areas, as an index of 
their comparative suitability for the development of the European 
spruce sawfly. 


SUMMARY AND CONCLUSIONS 


This investigation was conducted in order to ascertain the 
date of cocoon formation of the European spruce sawfly in the 
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Fig. 2. Developmental chart showing the difference in days between the date 
of cocoon formation in the various regions. 


Province of Quebec, as an index of the comparative suitability of 
its various regions and localities for the development of that insect. 
Some 1,500 samples of this destructive pest of spruce in Quebec, 
including almost 75,000 larvae, were used as indicators of the 
development over an area of some 150,000 square miles. Upon the 
arrival of the samples at the Duchesnay laboratory, the number 
of larvae per instar was recorded with the date of collection and 
the area of sampling. Then all the larvae were reared on spruce 
foliage until the formation of the cocoons, in a ventilated insectary. 

The map of the Province was divided into a network of zones 
by the lines of degrees and half degrees of longitude and latitude. 
These zones were thereafter combined into regions. 

Two methods were used to ascertain the date of cocoon 
formation in the various regions and localities. 

In the first method, the rearing of the larval samples at 
the laboratory provided an observed date of cocoon formation for 
the areas of sampling. The mean date of cocoon formation was 
computed for each sample and an average was calculated of these 
mean dates for the samples from each region and locality. According 
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DEVELOPMENTAL CHART 


TO FIND THE DIFFERENCE IN THE DATE 
OF COCOON FORMATION IN NUMBER 
OF DAYS LATER. FOLLOW DOWN THE VER- 
TICAL COLUMN UNDER THE NAME WHICH 
IS IN HIGHER GRADE IN THE SCALE UNTIL 
THE FIGURE OPPOSITE THE NAME OF THE 
OTHER LOCALITY IS REACHED 
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FIG. 3. LEAL CHART SHOWING THE DIFFERENCE IN DAYS BETWEEN THE DATE OF COCOON FORMATION IN VARIOUS 
LOCALITIE. 


to this observed date of cocoon formation, the Eastern Townships 
were shown as the most favorable region for the sawfly develop- 
ment, being followed by the Lower St. Lawrence, Northern 
Montreal, St. Maurice, Abitibi-Temiscaming, Gaspesia, Laurentide 
Park, Lake St. John and North Shore regions. A range of thirteen 
days was computed between the two extreme regions. 

In the second method, the number of larvae per instar in the 
samples was used to indicate the percentage of development com- 
pleted by the sawfly and to calculate an estimated date of cocoon 
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BIOCLIMATIC STUDY of the EUROPEAN SPRUCE SAWFLY in QUEBEC 


formation for the various areas. The relative length of each instar 
was ascertained and the percentage of development undergone by 
the larvae at the average date of sampling was calculated for each 
area. By means of the duration of the larval period, as computed 
for each region, the percentage of development to be completed 
was converted into the number of days to be passed through before 
the cocoon formation. By adding these days to the average date of 
collection, an estimated date of cocoon formation was calculated 
for each area. According to this criterion, the Lower St. Lawrence 
region was shown to be the most suitable area for the sawfly 
development, the other regions ranking in the following sequence: 
Eastern Townships, Abitibi-Temiscaming, St. Maurice, Lake St. 
John, Gaspesia, Northern Montreal, Laurentide Park and North 
Shore. A range of fourteen days was figured between the two 
extreme regions. 

The results obtained by these two methods were combined and 
the average figures thus computed were used for the preparation 
of developmental charts showing the difference between the date 
of cocoon formation in the nine regions and some localities of the 
Province. The same average figures were also applied. to the 
drawing of a biociimatic map showing the date of cocoon formation 
all over the investigated area. 

'T'he figures obtained from this study provide a valuable index 
of the relative degree of suitability of the various regions and 
localities for the development of the sawfly. Of course, because of 
the levelling effect of some factors encountered in this investiga- 
tion, it may well happen that the figures obtained for the date of 
cocoon formation in the various areas do not coincide with the actual 
dates of occurrence of the phenomenon in forest. But, this con- 
sideration is not the primary object of this problem, which is not 
so much to ascertain the duration of the larval period and to fore- 
cast the date of cocoon formation in the various regions and 
localities, as to secure an approximation of the comparative degree 
of suitability of these areas of the Province for the development 
of the European spruce sawfly. 
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The outstanding event of the last fiscal year is no doubt the departure 
of Mr. René Gobeil, Ph.D., director and founder of the Entomological 
Branch, who left us to accept the managership of the Quebec Forestry 
Association. During the five years which he spent with the Entomological 
Service, he had succeeded, owing to his sound initiative mind and untiring 
efforts, in forming a group of devoted collaborators, and furnishing them 
with a most up-to-date equipment. Under his guidance, much interesting 
research work was undertaken and some of it has already been made the 
subject matter of various Canadian and American reviews. The works he 
personally published account for several honorary awards or degrees con- 
ferred upon him, among others a “David Prize” in 1937 and degree of Doctor 
of Science from McGill University in 1941. 


No new research work was undertaken this year, but that under way 
was continued. Further on we will find a brief synopsis of the reports 
which were submitted by the various heads of sections. 


The Forest Insect Survey was particularly beneficial as regards interest- 
ing results obtained, and the number of samples gathered was larger than 
in any previous year. This improvement is certainly due to the fact that 
since three years the Entomological Service, each summer, employs instruc- 
tors who visit the fire rangers in the field, teaching them how to collect 
samples. This year four inspectors were employed and we hope to retain 
their services next year. 


In addition to their research work, the entomologists of the Service 
answered numerous requests for information concerning the identity of the 
devastating insects and the method of destroying them. Sometimes the 
information requested was given by letter, but very often 1t was necessary 
to visit the locality in order to obtain further data or to evaluate the extent 
of the damage caused. 


FOREST INSECT SURVEY IN QUEBEC 
Robert Lambert, B.Sc., F.E. 


The task of locating the zones which were surveyed was greatly facili- 
tated in 1942, owing to a system of permanent collecting stations in given 
places, set beforehand in the field and indicated on the regional charts. Due 
to this system, not only is the sampling better distributed and more ade- 
quate, but the compilation of notes greatly facilitated. All the territory 
surveyed was subdivided into 2,863 stations, each embracing about a 
quarter of a square mile. 


[5] 


During last summer, 6,731 samples of insects were sent us by 814 fire 
inspectors and rangers from the Protection Service, the affiliated Protective 
Associations, and even from certain limit-holders who look after their own 
ranging. | 


In the present Report, we refer only to the most important insects 
found in the various economic regions, according as they are delineated 
officially by the Department of Lands and Forests. 


The European spruce sawfly, Gilpinia hercyniae (Htg.), which caused 
immense damage in our Province a few years ago, does not seem to have 
grown in intensity, but 1t has invaded new territories heretofore unaffected, 
viz., the south, the centre and the north-west parts of the Ottawa region, 
north-eastern Temiscaming, south-western Matagami and central Mani- 
couagan regions. However, a notable reduction in its abundance was ex- 
perienced in several regions, as is indicated in the following chart comprising 
figures for 1941 and 1942. 


In studying this chart, we note that there was an increase in the larval 
population in various regions, notably in the South Shore uplands and the 
plains in the Matapédia valley and Chaleurs Bay, but the inventory of the 
cocoons does not indicate a similar increase in the autumn and there is every 
reason to believe that the larval samples coming from these regions were 
gathered before the larvae had suffered from disease. 


The spruce budworm, Archips fumiferana (Clem.), at the present time 
constitutes a serious menace to the immense forests of coniferous trees, in 
the western part of the Province. It has already caused, up to date, very 
serious damage to balsam and spruce stands in the Temiscaming, Ottawa 
and Abitibi districts. The epidemic is gaining in intensity and invading new 
territories each year in an eastern direction. It is to be feared that it will 
propagate through all our forests of coniferous trees containing a high per- 
centage of balsam, unless the parasites or other natural controlling factors 
play their part in impeding its too rapid multiplication. 


The Spring cankerworm, Paleacrita vernata (Peck.), and the Linden 
looper, Erannis tiliaria (Harr.), caused an average defoliation which we can 
estimate at from 15 to 25 per cent in the case of maple groves and mixed 
hardwood stands. Up to the present young trees suffered much more than 
old ones. Both these insects were particularly abundant in the Chaudiére 
region and the Quebec plains. We can expect them to cause still greater 
devastation next year, for the epidemics due to these insects usually last 
from two to three years. Let us add, however, that the defoliation caused 
by these native insects is far more spectacular than serious and quite often 
trees that have been severely defoliated rapidly recover their vigour as soon 
as the invasion ceases. 
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The epidemic caused by the Larch sawfly, Pristiphora erichsonti (Htg.), 
is declining and the decrease is due to the activities of its entomophagous 
parasites: Mesoleius tenthredinis (Morley) and Bessa selecta (Meig.), and also 
to a disease infecting thelarvae. However, the insect this year again caused 
slight defoliation of tamarack in several regions, such as south-western 
Matagami, western Abitibi, north of Montreal, Saint Maurice, Labrador, 
eastern Ottawa, Saguenay, and Manicouagan regions, as well as the centre 
of Lake Saint John and Jacques Cartier. 


The Marlatt's Larch sawfly, Anoplonyx laricis (Marl.), frequently ac- 
companies the above species, but usually causes very slight damage. It ap- 
peared in large quantities in the Manicouagan, Romaine and Gaspé 
regions. According to reports received, it caused a serious enough defolia- 
tion in a spot situated on the South Shore plateau. 


The Larch case-bearer, Coleophora laricella (Hbn.), was scarce this 
year, and appeared in abundance only in the western parts of Saint Fran- 
cois and North of Montreal. 


Among the other species observed last year and which offer a certain 
interest from an economic viewpoint, we might mention the White pine 
weevil, Pissodes strobi (Peck.), to be found on the top shoots of young white 
pines and sometimes on those of red pines and spruces. It was particularly 
noticed in the southern part of the North of Montreal region and in the 
Montreal plains. The larvae of the Leconte's sawfly, Neodiprion lecontei 
(Fitch), caused fairly serious damage in the central and western parts of 
North of Montreal. The defoliation due to the Swaine’s sawfly, Neodiprion 
swainei (Midd.), was detected on jack pine in the western parts of the Saint 
Maurice and Saguenay districts as well as the southern part of Lake Saint 
John. The Birch leaf-mining sawfly, Phyllotoma ۵ (Fallen), seems to 
have a tendency to grow in various regions of the Province. In the Saint 
Maurice valley the adults of the Leaf-chafer, Serica tristis (Lec.), caused 
serious defoliation of poplar and spruce. To our knowledge it is the first 
time that this insect has been found in such a great quantity in our Province. 


INSPECTION SERVICE 


Marcel E. Genest, B.A., F.E. 


During the last working season, 84 inspections were carried out from 
the end of May to the end of September. The various localities visited can 
be grouped in the following categories: 20 with ornamental trees, 12 per- 
manent sample plots, 4 limits belonging to timber-limit holders, 7 private 
and 8 government nurseries, 15 private and 9 government plantations, and, 
finally, 9 sundry localities. 
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Following each of these inspections, a detailed report of the observations 
gathered was sent to the interested parties and, where serious damage was 
noticed, the most effective remedial measures suggested. 


It is gratifying to note that the phytosanitary condition of the nurseries 
visited is rather good on the whole, but in certain spruce plantations the 
White pine weevil, Pissodes strobi (Peck.), caused appreciable damage. As 
regards the ornamental trees, we must mention in particular the depre- 
dations caused by the Spruce gall aphid, Adelges abietis (L.), the Lilac leaf- 
miner, Gracilaria syringella (Fab.), the Birch leaf-miner, Fenusa pumila 
(Klug.), the Elm aphid, Eriosoma americana (Riley) and E. lanigera (Hansm.), 
and the Mountain-ash sawfly, Pristiphora geniculata (Htg.) 


BIOLOGICAL CONTROL 
Gérard Paquet, BAS F.E., M.Sc. 


A) Distribution of parasites 


In co-operation with the fire rangers, as in past years, the Entomology 
Service undertook the distribution of the parasites of the European spruce 
sawfly over all the territory supervised by the Protection Service. Owing 
to the information gathered through the Forest Insect Survey, respecting 
the territories affected by the sawfly, we were in a position to prepare in 
advance a general plan for the distribution of the parasites. 


About 10,300,000 Microplectron were distributed, including 300,000 of 
a special kind adapted to low temperatures. Let us add that 15,400,000 
specimens of the same parasite were liberated by the fire rangers of the 
Associations and Companies, making a total of 567,419,300 Microplectron 
distributed in our Province since 1933. 


Adult specimens of two other species were also liberated in 1942, viz., 
6,600 Sturmia and 2,624 Exenturus; and on its part, the Entomology Service 
liberated 2,140 individuals of the former species and 1,420 of the latter. 


B) Gathering cocoons and larvae for the multiplication of parasites 


At the request of the Dominion Parasite Laboratory of Belleville, Ont., 
the Entomology Service this year again gathered cocoons and larvae to be 
used for the multiplication of the European spruce sawfly. About 260,000 
cocoons of the sawfly were gathered near Lake Saint Charles in the Lauren- 
tides Park, during the months of August and September, by a group of young 
men numbering from 40 to 60. As soon as they have been gathered, these 
cocoons are shipped to the Laboratory of Belleville where they will, next 
year, be made use of in producing about eight millions Microplectron 
parasites. 
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During the months of July and August, the Entomology Service was 
responsible for the gathering of 40,885 European spruce sawfly larvae, 
200 Yellow-headed spruce sawfly larvae and 100 Larch sawfly larvae, at 
Berthierville and Lake Saint Charles, for the account of the Laboratory 
of Belleville, Ont. During the same period, the Laboratory of Duchesnay 
also sent to Belleville 2,200 European spruce sawfly larvae and 139 Yellow- 
headed spruce sawfly larvae. These 43,420 sawfly larvae were used for the 
multiplication of two species of parasites, Sturmia and Exenturus, which 
destroy larvae. 


C) Research relating to the acclimatization of parasites 


The research work undertaken in 1941 regarding the acclimatization 
of the Microplectron parasite was continued this year. The work in the field 
was accomplished by four inspectors of the Entomolgoy Service with the 
assistance of fire rangers of the Protection Service and of the Laurentian 
and Southern St. Lawrence Protective Associations. The work consisted 
in gathering cocoons over a radius of one half-mile surrounding 55 estab- 
lished dissemination points, during the past seven years, in the following 
regions: Lower St. Lawrence, Gaspé, Laurentides Park and North Shore. 


The analysis of 8,438 cocoons gathered denotes that the average 
parasitism for all regions surveyed was 1.41 and 1.93 per centum in the 
Laurentides Park and 0.99 per centum in Gaspé. None of the 1,029 cocoons 
gathered in the Lower St. Lawrence and on the North Shore was parasitised. 


RESEARCH RELATING TO WOOD AND BARK BORERS IN 
BURNT AND CUT-OVER AREAS 


René Martineau, B.A., F.E., M.Sc. 


The work consists principally in examining 19 experimental plots 
established in 1941. Let us recall that six among them will permit us to 
determine, as regards the cut-over areas, the degree of contamination caused 
by insects to timber slashes, according to their disposal; while the remaining 
thirteen places enable us to follow the development of these insects in burnt- 
over areas. Furthermore, with the assistance of the fire rangers, a survey 
was undertaken of all insects found in the burnt-over areas during 1941. 
The observations contained in this report must not be considered as definite, 
for they are based only on an initial year's work. | 


A) Cut-over areas 


The work started on the Anglo-Canadian Pulp's limits, at three obser- 
vation points in proximity to Lake Jambon and situated in the watershed 
of the river Noire, and was continued in the limits owned by the Gaspesia 
Sulphite, in the basin of the river Pabos Ouest. Our research was carried 


[9] 


out particularly with respect to spruce and balsam, and 179 samples were 
gathered from the former and only 93 from the latter. 


The method employed in gathering samples permits us to establish the 
relative abundance of the various insects according to the different categories 
of waste matter. Asa general rule the heavier débris, especially the stumps 
and the logs, are always more intensely attacked than the tops and branches. 
The most common insect is undoubtedly Dendroctonus piceaperda (Hopk.). 
This weevil limits its activities to the stumps and logs, with a preference for 
those of a large diameter. Polygraphus rufipennis (Ky.) and Ips borealis (Sw.) 
have a much wider territorial distribution and are to be found in all parts of 
the trees. Monochamus scutellatus (Say.) can also attack all parts of the tree, 
but it shows a preference for logs and tops. 


The various methods of fighting insects gave the following interesting 
results: 

1. Covering over.—This method consists in covering with green 
branches all the parts of the wood which we want to protect, sufficiently to 
hide them completely. In the case of all trees subjected to this treatment, 
we note a decrease in the ravages of Dendroctonus piceaperda (Hopk.), but 
on the other hand Ips borealis (Sw.) and Monochamus scutellatus (Say.) are 
more abundant. 


2. Barking.—In all barked wood there appears a far more pronounced 
desiccation than when treated as above, rendering them less liable to 
insect attacks. 

3. Piling of waste according to the type. —The desiccation is not 
thorough and this treatment seems to favour the development of insects. 


B) Burnt-over areas 


1. Special Studies.—Our observations were made in three quite 
distinct regions, viz., Clova, Dolbeau and Chandler. Out of a total of 97 
insect samples gathered, 72 were from spruce trees, 21 from jack pine and 
4 from balsam. 

It is at Clova that the insects were observed in greatest number, i.e., 
130 galleries per tree, while at Dolbeau, there were but 52 and at Chandler 
their number was insignificant. This information is interesting, for the 
last-mentioned place was burnt-over in 1940, while the two first suffered 
from fire in the spring of 1941. 

2. Survey.—This survey of the entomological fauna in the burnt-over 
areas of 1941, started last year, was continued with the assistance of the 
fire rangers. The number of insect samples gathered from various softwood 
trees, follow: spruce, 147; balsam, 43; jack pine, 23; white birch, 14; sundry 
softwoods, 16; making a total of 253 samples. 
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Most of the species of insects found are the same as those in the cut-over 
areas. We consider it interesting to note that our studies prove beyond 
doubt that there exists a constant relation between the date of burning and 
the period when the trees are vulnerable to the attacks of insects. The 
trees burnt during the spring always have a greater attraction than those 
burnt in the summer as regards insects, as the following table, which is a 
synopsis of all our observations, indicates in this respect: 


TABLE 4 


RELATION BETWEEN THE ABUNDANCE OF INSECTS AND THE 
PERIOD OF BURNING 


SAMPLES WITH INSECTS 
MONTH OF BURNING | SAMPLES VOID 


IN 1941 OF INSECTS : 
Mon. scutellatus ی‎ h Gaurotes ۰ 
is EE EN 6% 
ih E EE 11.595 51% 40% 43% 
EEN in 31% 23% 30% 43% 
EE PNA 50% 6% 5% 14% 
AM A 3.15% 12% 16% 
September.......... A SUE 8% 3% 
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No. 15.—Les insectes forestiers du Québec en 1941, by Robert Lambert. Naturaliste Cana- 
dien, vol. 69, pp. 173-205, 1942. 


No. 17.—Diapause and Egg Intoxication in “Diprion polytomum" Htg., by A. R. GOBEIL. 
Jour. of Econ. Ent., vol. 35, pp. 677-679, 1943. 


No. 18.— Fifth Annual Report on Forest Entomology. Entomology Service, Department of 


Lands and Forests, 14 pages, 1943, by A. R. GoBEIL (English and French 
editions). i 
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